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ON  THE  REGULATION  OF  RESPIRATION.    By 
HENRY  HEAD,  M.A.    (PL  I.  to  IX.). 

(From  tiie  Physioloffical  Laboratory  oftlie  Oennan  Univerdty  in 

Prague,) 

PART  I.    Experimental. 

§  1.    Hie  Method  of  Registering  the  Reepiraiory  MovemeTits. 

The  many  methods  now  in  use  for  studying  the  movements  of 
respiration  fall  naturally  into  two  main  groups  according  to  whether 
the  movements  of  the  air  to  and  from  the  lungs  or  the  contractions  of 
the  diaphragm  are  recorded.  Those  of  the  first  class  trace  their  origin 
from  the  "tambour  enregistreur"  of  Marey.  The  original  method  of 
using  this  instrument  for  recording  the  respiratory  movements  was  some- 
what as  follows.  A  T  shaped  cannula  was  inserted  into  the  trachea 
and  one  of  the  limbs  was  connected  with  a  tambour.  The  other  limb 
was  either  left  entirely  open  or  was  closed  just  sufficiently  to  allow  the 
tambour  to  answer  to  the  movements  of  the  expired  and  inspired  air.  This 
method  is  so  inefficient  that  it  was  soon  modified  as  follows.  A  flask  of 
considerable  capacity  was  connected  on  the  one  hand  with  the  tracheal 
cannula  and  on  the  other  with  the  tambour.  The  animal  now  breathes 
out  of  and  into  the  flask  and  the  variations  in  the  volume  of  the  air  of 
Um^  (l;i«k  arc  rcgi8U»,rod  by  the  rise  and  full  of  tlic  lever  of  the  t'liuhoiir. 
But  the  tubing  connecting  the  flask  vdth  the  tracheal  cannula  must  be 
extremely  short  if  dyspnoea  is  to  be  avoided.  I  found  that  three  inches 
of  tubing  attached  to  a  cannula  of  at  most  an  inch  in  length  were  quite 
sufficient  to  cause  distinct  dyspnoea.  In  order  to  obviate  this  error  and 
to  shorten  the  connexion  between  the  flask  and  the  trachea  as  much  as 
possible  Ucring  caused  a  flask  to  be  constructed  with  the  tracheal 
cannula  let  directly  into  one  of  its  sides. 

Oad^  has  recently  introduced  a  very  accurate  method  depending  on 
a  modification  of  this  principle.    By  means  of  his  aeroplethysmograph 

1  **Die  nomule  Athmimg."    Archiv  /.  Phynologie  v.  £.  du  Bois  Beymond,  IBSO. 
PH.  X.  1 
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he  registers  not  only  the  amount  of  the  air  passing  in  and  out  of  the 
lungs  at  each  breath  but  also  any  change  in  their  capacity  which  may 
take  place  in  consequence  of  a  tonic  contraction  of  the  inspiratory  or 
expiratory  muscles. 

Knoll  has  registered  the  variations  in  the  thoracic  pressure  by 
inserting  a  cannula  into  the  pericardium,  and  Bernstein^  has  used  the 
oesophagus  for  the  same  purpose. 

Knoll'  has  also  described  a  very  useful  piece  of  apparatus  which  has 
been  in  use  in  this  laboratory  for  many  years.  It  consists  of  a  glass  box 
in  which  the  whole  animal  is  enclosed.  A  cannula  perforates  one  wall 
of  this  box  and  is  connected  with  the  trachea  so  that  the  animal  breathes 
the  air  outside  the  box  whilst  the  movements  of  the  air  inside  tlio  box 
are  registered  by  means  of  a  tambour. 

However,  all  these  methods,  admirable  as  most  of  them  are,  failed  in 
my  experiments  for  the  following  reason.  All  ''pneumatic"  methods 
register  simply  the  increase  and  decrease  in  the  volume  of  the  lungs,  how- 
ever caused.  Now  I  purposed  to  continue  the  experiments  of  Uering  and 
Brcuer*,  who  used  artificial  alterations  in  the  volume  of  the  lungs  as  a 
means  of  stimulating  the  end  organs  of  the  vagi.  But  it  is  obvious  that  if, 
for  instance,  the  lungs  are  inflated,  the  lever  of  the  registering  apparatus 
will  be  enormously  affected  and  the  whole  curve  will  be  altered  by  the 
very  stimulus  whose  effect  on  the  respiration  we  wish  to  study.  Hering 
and  Breuer  in  their  experiments  registered  the  respiratory  movements 
with  either  a  mercury  or  Fick  manometer.  A  T  shaped  cannula  was 
inserted  into  the  trachea  and  was  connected  with  a  mercury  manometer. 
The  third  limb  was  left  open  to  the  air.  Through  this  third  limb  air 
was  forced  into  the  lungs,  the  mercury  rose  in  the  manometer  and 
owing  to  the  standstill  in  the  respiration  produced  by  the  inflation 
remained  for  some  considerable  time  steady  at  the  same  level.  The 
writing  point  then  began  to  rise  slowly,  but  suddenly  sank  on  the 
appearance  of  the  first  inspiration.  The  third  limb  of  the  T  cannula 
was  now  opened,  for  the  animal  could  not  breathe  in  the  confined  space 
at  its  disposal.    This  experiment  was  sufficient  to  show  that  artificial 

1  •<  Ueber  die  Einwirkimg  d.  Eohlensiiare  d.  Blntes  ftaf  d.  Athemoentram."  ArcHv 
/.  Phytiologie  y.  E.  dn  Bois  Beymond,  1882.  Bernstein,  however,  mentione  the  faot 
that  Geradini  had  ahready  used  this  method  for  investigating  the  changes  in  thoracic 
pressure. 

'  Knoll.  *<neber  Beflexe  a.  d.  Athmang  bei  Zafahr  fliiohtiger  Sabstanzon."  SiUb. 
d,  k,  Akad,  d.  Wistensch.  ui.  Abth.  1874. 

>  Two  papers  on  *'Die  Selbststenemng  d.  Athmang  duroh  den  Nervus  YagaB.'*  Lvn. 
Bd.  SiUb.  d.  h,  Akad.  d.  Wi$t^nscKt  1868.    April  and  November. 
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inflation  of  the  lungs  caused  a  standstill  of  the  respiratory  movements, 
and  it  is  by  no  means  difficult  by  watching  the  movements  of  the  dia- 
phragm to  assure  oneself  that  collapse  of  the  lungs  causes  an  inspiratory 
movement.  But  such  a  method  although  amply  demonstrating  the 
result  of  a  single  inflation  is  quite  inadequate  for  the  investigation  of 
the  complicated  phenomena  following  the  periodic  repetition  of  such 
stimuli. 

Some  method  depending  on  the  registration  of  the  movements  of 
the  diaphragm  seemed  to  offer  the  best  chance  of  success  for  work  on 
these  lines.  But  all  the  phrenographs  in  use  labour  under  the  same 
disadvantage,  that  any  movement  of  the  animal,  whether  passive  or 
active,  tends  to  cause  such  alterations  in  the  curve  that  it  is  impossible 
to  compare  the  curves  obtained  before  and  after  such  a  disturbance. 
Suppose  for  instance  that  the  lever  of  a  Rosenthal  phrenograph  is  in- 
serted between  the  liver  and  the  diaphragm  and  the  point  is  marking 
r^ularly  on  the  drum  ;  on  inflating  the  lungs  the  diaphragm  and  with 
it  the  lever  is  passively  pushed  downwards  towards  the  abdomen ;  the 
pause  caused  by  the  inflation  gives  place  to  an  active  expiration  and  the 
lever  is  i^in  passively  pushed  from  its  previous  position — this  time 
in  an  upward  direction.  These  passive  movements  so  obscured  the  phe- 
nomena following  artiflcial  variations  in  the  volume  of  the  lungs  that  a 
new  method  had  to  be  found  for  registering  the  respiratory  movements. 

Wlien  the  diaphragm  of  a  rabbit  is  examined  from  the  abdominal 
side  the  strong  development  of  the  two  anterior  limbs  is  very  noticeable. 
They  extend  along  the  posterior  surface  of  the  xyphoid  process  and  are 
comparatively  sharply  separated  from  the  rest  of  the  diaphragm.  On 
dividing  the  skin  and  opening  the  abdomen  in  the  middle  line  the  xyphoid 
process  comes  into  view,  covered  on  each  side  by  the  lower  part  of  the 
origin  of  the  jicctoralis  major.  On  separating  this  part  of  the  muscle  by 
passing  the  scissors  upwards  on  each  side  of  the  bony  portion  of  the 
process  the  two  slips  of  the  diaphragm  are  seen  each  covered  by  a  small 
band  of  muscle.  This  must  be  carefully  removed  and  the  two  anterior 
Umbs  of  the  diaphragm  are  then  laid  bare,  covered  in  the  middle  line 
by  the  bony  portion  of  the  xyphoid  process.  Each  limb  is  supplied  with 
blood  from  above  by  a  small  branch  of  the  musculo-phrcnic  division  of  the 
internal  mammary  artery.  This  branch  together  with  its  accompanying 
vein  runs  alongside  the  bony  part  of  the  process,  sending  off  a  branch  to 
supply  the  muscle  of  its  side  about  midway  between  the  ensiform 
cartilage  and  the  base  of  the  xyphoid  process.  By  carefully  inserting  a 
fine  pair  of  scissors  between  the  muscles  and  the  bone  beginning  in  the 
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neighbourhood  of  the  cartilage  it  is  possible  to  separate  the  two  limbs  of 
the  diaphragm  without  much  injury  to  their  tissue  and  without  dividing 
the  vessels  which  supply  them.  After  the  bone  is  thus  prepared  it  is 
separated  from  the  ensiform  cartilage  to  which  the  muscles  remain 
attached.  The  muscles  are  then  separated  as  carefully  as  possible  from 
the  under  surface  of  the  bony  process.  Wc  now  have  a  muscular 
band  slightly  attached  at  the  one  end  to  the  anterior  wall  of  the  thorax 
and  in  connection  with  the  ensiform  cartilage  at  the  other  end.  The 
injury  suffered  by  the  muscles  is  confined  to  the  small  portion  in  the 
middle  line  where  the  two  slips  join  one  another  and  send  a  few  fibres  to 
bo  attached  to  the  bony  part  of  the  xyphoid  procesa  Neither  the  nerves 
nor  the  blood  vessels  supplying  these  muscles  are  aiTectcd  if  the  operation 
has  been  properly  carried  out.  But  these  limbs  of  the  diaphragm  no 
longer  have  a  fixed  origin  for  they  arise  from  the  ensiform  cartilage. 
The  ensiform  cartilage  was  the  fixed  point  from  which  by  their  con- 
traction they  pulled  the  diaphragm  forwards  and  downwards.  It  thus 
becomes  necessary  to  give  them  an  artificial  fixed  point  if  we  arc  to 
register  their  movements  with  accuracy.  If  they  are  fixed  to  the  chest 
wall  every  inspiration  will  cause  the  cartilage  to  approach  the  sternum, 
owing  to  the  contraction  of  the  muscles,  and  the  contraction  curves  will 
no  longer  be  disturbed  by  the  contraction  of  the  remaining  portions  of 
the  diaphragm.  The  muscles  are  best  fixed  to  the  chest  walls  as  follows. 
A  thread,  carrying  at  the  one  end  a  small  flat  button,  is  passed  from  the 
abdominal  side  through  the  diaphragm  and  the  walls  of  the  thorax 
between  the  fifth  and  sixth  ribs.  As  soon  as  the  thread  is  drawn  tight 
the  button  is  pressed  firmly  against  the  muscle  and  thus  fixes  it  to  the 
anterior  wall  of  the  thorax.  A  similar  operation  is  performed  on  the  other 
side  and  the  two  threads  are  knotted  together  over  the  front  of  the 
sternum. 

A  thread  is  now  attached  to  the  ensiform  cartilage  and  after  passing 
over  a  pulley  is  attached  to  an  ordinary  writing  lever  such  as  is  used  to 
register  the  contractions  of  a  frog's  muscle.  This  marks  on  the  smoked 
surface  of  the  drum  of  a  Hering  kymograph. 

Now  as  the  fixed  point  of  this  system  lies  on  the  wall  of  the  thorax 
anything  that  causes  an  alteration  in  the  position  of  the  chest  wall  will 
also  affect  the  lever  in  connection  with  the  muscle.  It  is  therefore 
important  to  know  how  far  the  excursions  of  the  lever  arc  due  to  passive 
alterations  in  the  position  of  the  fixed  point  and  how  far  they  are  due 
to  active  contractions  of  the  muscles.  An  exactly  similar  lever  is  there- 
fore attached  to  the  knot  formed  by  the  union  of  the  two  threads  and 
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registers  all  movemeiits  of  the  chest  wall  whether  passive  or  active. 
Now,  when  the  chest  wall  moves,  both  levers  will  describe  a  similar 
curve,  whereas  a  contraction  of  the  diaphragm  will  only  appear  on  the 
curve  drawn  by  the  lover  in  connection  with  the  two  separated  slips  of 
muscle.  I'ho  action  of,  and  necessity  for,  such  a  control  is  especially 
evident  in  the  experiments  on  the  effect  of  dividing  the  vagL 

To  pass  on  to  the  disadvantages  of  this  method,  I  must  first  of  all 
mention  that  the  muscles  can  never  be  prepared  without  some  injury  to 
their  tissue.  But  the  injury  should  only  affect  the  inner  (median)  edge 
of  each  strip,  and  the  vitality  of  the  muscle  seems  but  little  affected  by 
so  small  an  injury.  The  real  disadvantage  caused  by  this  injury  lies  in 
the  formation  of  small  blood-clots  in  the  injured  portion,  which  tend  to 
obscure  any  contraction  which  lasts  for  an  unusually  long  time.  It  is 
always  advisable  to  gently  touch  the  muscles  with  a  small  piece  of  sponge 
before  beginning  any  series  of  experiments,  and  it  is  always  well  to 
so  weight  the  lever  that  the  muscles  return  to  the  same  point  after  each 
normal  inspiration.  It  is  also  a  disadvantage  that  the  curve  is  affected 
by  the  movements  of  the  thorax,  but  in  the  rabbit  such  movements 
so  rarely  occur  that  they  are  of  but  little  moment. 

In  spite  of  its  apparent  simplicity  the  preparation  of  the  muscles 
at  first  presented  considerable  difficulty  and  it  was  some  time  before  they 
ciuihl  bo  prepared  in  a  condition  of  unimpaired  viUility.  J3utovon  allcr 
considerable  practice  cases  now  and  then  occur,  though  rarely,  whore 
owing  to  degeneration  in'  the  muscles  themselves  or  to  some  peculiarity 
in  their  nerve  or  blood  supply  the  preparation  entirely  fails. 

In  every  case  the  animals  used  were  rabbits,  and  in  every  case 
they  were  more  or  less  deeply  narcotized.  At  first  I  injected  chloral 
through  a  cannula  tied  into  the  internal  jugular  vein.  A  peculiar  form 
of  restlessness,  which  mostly  took  the  form  of  periodic  movements  of 
swallowing,  made  its  appearance  so  oden  that  I  gave  up  this  method.  In 
such  cases  I  noticed  that  the  urine  became  tinged  with  blood  and  an 
investigation  of  the  kidney  revealed  clots  of  blood  between  the  pyramids 
of  startling  size.  I  have  since  injected  chloral  under  the  skin  and, 
since  resorting  to  such  hypodermic  injections,  this  restlessness  has 
entirely  ceased  to  appear.  The  amount  injected  varied  according  to 
the  experiment  to  bo  performed.  Gad  recommends  2  cc.  of  a  1 : 2 
solution  ]>cr  kilo,  body  weight.  This  produced  a  very  deep  narcosis, 
and  is  in  my  opinion  too  strong  a  dose  for  many  experiments. 
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§  %    Normal  Respiration. 

On  examining  the  normal  respiratory  curve  tnicctl  by  the 
aeroplethysmograph  or  any  other  instrument  which  registers  the 
movements  of  air  to  and  from  the  lungs  the  following  points  will  be 
noticed  The  inspiration  is  sudden'  and  sharp  and  its  tracing  is  but 
slightly  curved ;  the  expiratory  curve  is  at  first  very  quick  and  sharp  but 
rapidly  becomes  slower,  so  that  the  last  part  of  the  tracing  is  strongly 
curved ;  the  expiration  may  then  end  by  tracing  a  horizontal  line. 

However,  this  curve  represents  the  movements  of  the  air  during 
respiration  and  not  the  actual  movements  of  the  respiratory  muscles. 
We  should  thereforc  expect  that  such  curves  would  diifer  slightly  from 
those  obtained  by  registering  the  actual  movements  of  a  portion  of  the 
inspiratory  musculature.  Curve  x  (Plate  I)  has  been  chosen  as  more  or 
less  typical  of  the  normal  movements  of  the  muscular  slips,  used  in  my 
method,  during  the  various  phases  of  respiration.  As  the  lever  by  which 
this  curve  was  traced  described  an  arc  when  the  drum  was  at  rest 
I  have  drawn  lines  at  various  points  on  the  curve  to  show  the  curves 
which  would  have  been  produced  by  the  lever  had  the  drum  not  been  in 
motion. 

It  will  be  seen  that  the  contraction  begins  rapidly  but  soon  becomes 
slower.  *  The  lever  is  still  rising  with  considerable  rapidity  when  the 
contraction  suddenly  ceases.  The  first  portion  of  the  descending  curve  is 
so  rapid  that  it  almost  coincides  with  the  line  traced  by  the  lever  when 
the  drum  is  at  rest  The  muscles  continue  to  elongate  but  with 
decreased  rapidity  until  they  are  completely  relaxed  However  it  must 
not  be  forgotten  when  examining  the  fall  of  the  lever  that  the  downward 
curve  will  always  appear  steeper  than  is  warranted  by  the  actual  rate  of 
elongation  in  the  muscles,  in  consequence  of  the  weight  attached  to  the 
lever.  The  writing  point  now  traces  a  horizontal  line  representing  the 
complete  elongation  of  the  muscular  tissue. 

1  have  already  used  the  words  inspiration  and  expiration  in  what 
may  be  considered  a  somewhat  loose  manner,  and  shall  proceed  to  define 
what  IB  understood  in  this  paper  by  these  terms.  An  inspiration  is 
taken  to  mean  a  rhythmic  contraction  of  the  inspiratory  muscles  from 
its  beginning  to  the  moment  when  the  muscles  begin  to  relax  again. 
An  expiration  on  the  other  Iiand  begins  when  the  muscles  begin  to  relax 
and  ends  with  the  birth  of  the  next  inspiration.  Such  an  expiratory 
period  may  consist  of  three  stages.  Firstly,  the  time  taken  up  in  the 
relaxation  of  the  muscles  after  the  inspiratory  contraction.     Secondly, 
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the  pause — the  stage  during  which  the  muscles  remain  completely 
relaxed.  Lastly,  under  certain  circumstances  this  pause  may  pass 
gradually  into  an  active  expiration,  caused  by  the  contraction  of  the 
abdominal  muscles.  I  have  refrained  from  dividing  the  respiratory 
period  into  inspiration,  pause  and  expiration,  for  I  think  a  closer 
analysis  will  show  that,  at  any  rate  in  the  rabbit,  the  active  expiration 
is  but  a  stronger  form  of  the  same  phenomenon  which  shows  itself 
normally  as  a  pause.  The  inspiration  bursts  through  the  pause  and  the 
inspiratory  muscles  contract  with  great  rapidity  at  the  beginning  of  tho 
inspiratory  phase.  On  the  other  hand  if  an  active  expiration  appears  it 
does  not  arise  suddenly  like  the  inspiratory  contraction  but  the  pause 
appears  to  give  place  to  a  slow  but  ever  increasing  contraction  of 
the  abdominal  muscles.  From  the  summit  of  this  contraction  arises  the 
next  inspiration  by  a  sudden  contraction  of  the  inspiratory  muscles 
following  iuuuediatoly  on  a  sudden  elongation  of  those  of  the  abdomen. 
From  the  moment  that  the  inspiratory  curve  ceases  to  rise  to  the  birth 
of  the  next  inspiration  there  is  no  violent  change  such  as  is  seen  at  the 
close  of  the  active  expiration  and  beginning  of  the  next  inspiration. 

I  have  just  pointed  out  that  of  the  three  stages  into  which  the 
expiratory  period  may  be  divided  the  last — active  expiration — is  oflen 
absent  in  the  rabbit.  Now  we  also  find  that  under  certain  conditions 
Uic  second  sUigo — that  occupied  by  the  pause — also  fails  to  make  its 
appearance.  The  muscles  begin  to  relax  after  the  inspiratory  contraction, 
but  before  they  have  elongated  completely  the  next  contraction  begins 
(cf.  Curve  i,  Plate  I).  Under  such  circumstances  the  muscles  are  never 
completely  elongated,  even  at  the  most  extreme  point  of  the  expiratory 
period,  and  remain  in  a  permanent  condition  of  tonic  contraction.  On 
this  tonic  contraction  the  rhythmic  movements  are  superposed.  Qad^ 
has  already  shown  that  under  certain  conditions  the  volume  of  the  thorax 
is  permanently  enlarged  by  the  tonic  contraction  of  the  muscles  of  the 
chest  wall,  and  this  tonic  contraction  of  the  diaphragm  is  the  expression 
of  the  same  phenomenon  in  the  greatest  of  the  inspiratory  muscles. 

It  might  be  objected  that  the  form  assumed  by  the  curves  of 
elongation  and  contraction  were  not  the  expression  of  the  activity  of  the 
respiratory  centre  but  were  in  part  due  to  some  peculiarity  in  the 
activity  of  the  two  muscular  slips.  In  order  to  examine  this  possible 
source  of  error  I  prepared  and  stimulated  the  phrenic  nerve  on  one  or  on 
both  sides  with  an  interrupted  current.     If  the  drum  was  revolving 

1  oDie  Begulining  der  normalen  Athmang,"  da  Bois  Beyinond's  Arehiv  1880. 
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at  the  ordinary  pace  the  rise  and  fall  of  the  lever,  at  the  beginning  and 
end  of  the  stimulation,  were  so  sudden  as  to  be  indistinguishable  from  an 
instantaneous  rise  and  fall  (Curve  vii,  Plate  I).  It  was  only  when 
the  drum  was  revolving  at  a  pace  enormously  in  excess  of  any  used  in 
my  experiments  that  the  line  of  the  contraction  curve  appeared  anything 
but  instantaneous.  The  rapidity  and  promptness  with  which  the 
muscles  contract  is  beautifully  shown  by  allowing  the  divided  phrenic  of 
the  left  side  to  lie  on  the  heart,  when  every  heart  beat  is  followed  by  a 
contraction  of  the  diaphragmatic  muscles  of  the  left  side.  On  Curve  vii, 
Plate  I.  the  left  phrenic  nerve  was  stimulated  electrically  during  the 
normal  inspiratory  contraction,  and  the  difference  in  rate  between 
the  rise  of  the  curve  under  the  nervous  iuiluonce  of  the  inspini^tion  and 
in  consequence  of  the  artificial  stimulation  is  very  distinctly  shown. 
The  second  portion  of  this  curve  shows  the  result  of  stimulating  the 
phrenic  nerve  during  the  expiratory  pause.  Again,  in  order  to  make 
sure  that  the  contraction  remainder  which  appeared  on  certain  curves 
was  really  due  to  a  tonic  influence  from  the  respiratory  centre  I  divided 
the  phrenics  and  the  levers  at  once  full  to  a  position  representing 
the  complete  elongation  of  the  muscular  slip. 

§  8.    Division  of  the  Vagi. 

If  we  turn  to  the  literature  on  the  Physiology  of  Respiration  we  find 
that,  next  to  artificial  stimulation  of  the  vagi,  division  of  those  nerves 
plays  the  largest  part  in  the  experiments  of  most  observers.  Yet  there 
was  scarcely  any  experiment  which  gave  such  contradictory  results.  If 
the  vagi  are  cut  or  ligatured  in  the  ordinary  way  it  is  quite  impossible  to 
prophesy  the  results.  Sometimes  the  breathing  becomes  irregular  and 
the  animal  restless,  sometimes  division  is  followed  by  long  expiratory 
pauses,  and  sometimes  the  breathing  at  once  assumed  the  type  which  in 
all  cases  ultimately  followed  division  of  the  vagi.  But  when  the  vagi 
are  divided  in  the  ordinary  way  the  experiment  is  complicated  by  the 
stimulation  of  the  central  end  of  the  cut  nerves ;  not  only  do  we  remove 
any  influence  which  the  vagi  may  normally  exert  on  the  breathing  but 
we  stimulate  them  at  the  same  time.  However  Gad'  has  shown  that  we 
possess  a  method  of  dividing  the  vagi  without  stimulation.  He  states 
tliat  if  they  are  frozen  all  impulses  from  the  periphery  are  at  once  cut 
ofl^  without  the  slightest  stimulation  to  the  nerves  themselves  and^  as 

^  "  Die  Begnlimng  d.  normalen  Aihmang.'' 
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far  as  my  experience  goes,  I  can  entirely  confirm  his  statement.  For  if 
one  vagus  is  frozen  a  stimulus  applied  on  the  peripheral  side  of  the 
frozen  point  is  totally  without  effect  on  the  breathing.  If  the  frozen 
neryo  is  removed  from  the  freezing  apparatus  it  can  be  frozen  again 
ou  ilic  central  side  of  the  frozen  \mi\i  without  causing  any  alteration  in 
the  respirations,  although  a  mechanical  or  electrical  stimulus  is  as  active 
as  ever. 

But  it  would  seem  that  the  vagi  are  comparatively  insensible  to 
mechanical  stimulation,  and  I  think  we  must  seek  the  cause  of  the 
extreme  variability  in  the  phenomena,  which  follow  their  division  in  the 
ordinary  way,  elsewhere  than  in  the  assumption  of  mechanical  stimula- 
tion. Knoll^  has  shown  that  it  is  extremely  easy  to  stimulate  the 
vagi  by  closing  the  current  in  the  divided  nerve  itself.  If  the  nerve  be 
cut  and  allowed  to  fall  into  the  wound  in  the  neck  or  if  it  bo  moistened 
with  **  physiological"  salt  solution  the  nerve  current  is  closed  and  all  the 
phenomena  of  a  slight  expiratory  stimulation  make  their  appearance. 
If  a  small  piece  of  dry  gutta-percha  or  other  nonconducting  substance 
be  laid  under  the  prepared  vagus,  division  whether  by  freezing  or  with  a 
sharp  pair  of  scissors  always  causes  the  same  result.  But  if  the  gutta- 
percha is  now  moistened  with  salt  solution  or  if  the  cut  nerve  is  allowed 
to  fall  back  into  the  moist  wound  the  scene  at  once  changes.  Expiratory 
pauses,  witli  or  witliout  irregularity  in'  tlic  breathing,  at  once  make 
their  appearance.  Exactly  the  same  changes  appear  when  the  nerve  is 
token  from  the  freezing  apparatus  and  allowed  to  fall  back  into  the 
wound.  In  £bm^  electrical  stimulation  of  tbe  divided  nerves  by  tboir 
own  current  seems  to  be  the  most  important  factor  in  the  production  of 
the  phenomena  which  are  said  by  most  observers  to  follow  the  division 
of  these  nerves.  Now  although  it  is  possible  to  divide  the  vagi  with  a 
sharp  pair  of  scissors  without  stimulating  them,  the  precautions  necessary 
to  avoid  stimulation  are  so  many  that  I  far  prefer  Gad's  method. 

The  apparatus  I  have  used  for  cooling  the  vagi  below  0*  C.  differs 
slightly  frt)m  that  used  by  Qad.  An  ordinary  glass  filter  of  suitable  size 
is  divided  just  above  the  tube  and  the  bottom  closed  with  a  flattened 
cone  of  copper  into  which  two  bent  copper  wires  are  soldered.  The 
filter  is  filled  with  pounded  ice  and  salt  and  in  a  few  seconds  the 
temperature  of  the  wires  has  sunk  below  0^  C. 

Another  method  for  dividing  the  vagi  which  is  sometimes  of  great 

1  "Beitriige  vox  Lelire  v.  d.  Athmungsinnerration **  Mltth.  i.    SiUb,  d,  k,  AkaA  d, 
WiuenMcK  Bd.  ulxzy.  Abth.  iii 
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value  is  as  follows.  It  is  well  known  that  a  nerve  can  be  completely 
anaesthetized  by  subjecthig  it  to  the  vapour  of  ether'.  The  vagus  is 
placed  in  a  tube  of  indiarubber  so  constructed  that  ether  vapour  can 
be  passed  over  it  without  affecting  the  atmosphere  which  the  animal 
is  breathing.  In  a  few  seconds  the  nerve  is  completely  anaesthetized  and 
is  incapable  of  conducting  impulses  from  the  periphery.  Now  by 
blowing  air  through  the  tube,  instead  of  ether  vapour,  the  nerve 
completely  recovers  its  conducting  power  and  seems  to  be  totally 
unaffected,  even  if  the  process  be  repeated  several  times,  provided  no 
fluid  ether  has  entered  the  tube. 

The  results  which  follow  division  of  one  vagus  are  generally  very 
transitory.  As  soon  as  the  nerve  is  completely  frozen  the  insi)irations 
become  stronger.  The  rate  of  contraction  is  the  same,  but  the 
strength  and  duration  of  the  inspirations  are  increased  and  the  curves 
become  somewhat  rounded  at  the  summit  (Curve  i,  Plate  I).  The 
expirations  may  be  somewhat  longer  but  generally  remain  unaltered. 
The  animal  will  continue  to  breathe  in  this  manner  for  a  considerable 
time  if  left  undisturbed.  But  after  the  space  of  about  half  an  hour  or 
even  less,  the  breathing  has  almost  completely  returned  to  the  original 
form  although  the  vagus  is  completely  divided.  However  division  of 
one  vagus  is  not  infrequently  followed,  not  only  by  an  increase  in  the 
strength  of  the  rhythmic  inspiratory  contractions,  but  also  by  a  shorten- 
ing of  the  expiratory  period  and  the  appearance  of  a  varying  amount  of 
tonic  contraction.  But  if  only  one  vagus  has  been  divided  this  tonic 
contraction  rapidly  wears  off  and  ultimately,  if  the  animal  be  left  long 
enough,  the  breathing  almost  completely  returns  to  the  form  it  assumed 
in  the  intact  animal.  Thus  division  of  vagus  may  cause  changes  of 
two  distinct  kinds.  The  inspirations  are  invariably  more  or  less 
increased,  both  in  strength  and  duration,  but  the  expirations  may  either 
remain  unaltered  or,  at  any  rate  in  the  first  few  moments,  be  consider- 
ably shortened. 

Now  if  the  second  vagus  be  frozen  we  see  exactly  the  same  changes 
as  followed  division  of  one  vagus  although  in  a  more  pronounced  form 
(Curve  ii,  Plate  I).  As  soon  as  the  second  nerve  is  divided  the  muscles 
contract  to  an  extent  far  exceeding  that  of  any  normal  inspiration.  The 
inspiration  forms  a  broad  fiat  crested  curve  closely  resembling  those  seen 
on  closing  the  trachea  of  the  same  animal  during  the  expiratory  phasa 

^  Gf.  tho  roocnt  papor  by  Biedormann.    Sitzb,  d.  k,  Akad,  d.  WmentcJu^ft,  Bd.  zovxx. 
Abth.  iu.  Mara  1888. 
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A  suddeo  fall  proclaims  the  advent  of  the  first  expiration.  Hero  again 
we  find  that  removal  of  the  influence  which  the  vagi  normally  exert  on 
the  breathing  leads  to  an  increase  in  the  force  and  duration  of  the  in- 
spiratory contractions  but  leaves  the  rate  of  contraction  unaltered.  The 
muscles  may  elongate  completely  after  each  contraction,  in  which  case 
the  expiratory  periods  are  generally  a  little  longer  than  normally.  But 
fss  more  often  the  elongations  are  incomplete  and  the  base  line  of  the 
curve  appears  to  be  raised.  Now  Qad  has  shown  that  in  the  rabbit 
the  thorax  generally  assumes  a  permanently  inspiratory  position  after 
division  of  the  vagi.  It  therefore  seemed  possible  that  this  apparent 
rise  of  the  base  line  of  the  curve  might  be  purely  passive  and  be  caused 
by  the  position  of  the  thorax.  I  therefore  divided  the  vagi,  and  as  usual 
the  base  line  of  the  curves  traced  by  both  levers  rose,  though  the  rise 
of  the  lever  in  connection  with  the  muscular  slips  was  distinctly  more 
pronounced.  Both  phrenic  nerves  were  then  cut  as  rapidly  as  possible 
and  the  muscles  at  once  elongated,  showing  that  they  were  previously 
in  a  condition  of  permanent  touic  contraction  (Plate  I,  Curves  iii  and 

After  the  removal  of  the  vagi  it  is  no  longer  possible  for  a  change  in 
the  volume  of  the  lungs  to  affect  the  respiratory  centre.  We  might 
therefore  suppose  that  the  form  which  the  breathing  assumed  after 
flivi.sion  of  these  nerves  was  the  expression  of  the  iudepcndout  activity 
of  the  respiratory  centre.  But  Markwald^  has  pointed  out  that  there 
is  still  another  factor  to  bo  taken  into  account.  If  the  brain  bo 
separated  from  the  medulla  just  above  the  auditory  striae  a  rabbit  will 
continue  breathing  rhythmically  for  a  very  considerable  time.  The 
changes  produced  by  this  operation  are  very  different  in  different 
cases.  The  breathing  either  becomes  rapid  and  the  inspiratory  con- 
tractions are  increased  in  strength  or  it  may  become  laboured,  both 
expiration  and  inspiration  being  increased  in  strength  and  duration. 
If  the  cut  has  passed  a  little  too  low  the  animal  lies  perfectly  passive, 
and  although  it  does  not  breathe  spontaneously  it  is  the  most  perfect 
reflex  machine.  The  slightest  diminution  in  the  volume  of  the  lungs 
evokes  a  well  formed  inspiration.  However  in  every  case  division  of 
the  vagi  causes  the  same  marked  change.  Directly  the  second  vagus  is 
divided  the  muscles  begin  to  contract  and  an  inspiration  of  enormous 
duration  is  produced  (Ciurve  v,  Plate  I).    In  a  normal  animal  an  in- 

1  "Die  Athembewegnngen  and  deren  Innervation  beim  Eaninohen.''  Zeitiehr,f»  Biologie 
Bd.  V.  (m.  f.)  1886. 
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spirafcory  contraction  after  division  of  the  vagi  lasts  at  most  five 
seconds — and  even  this  is  very  long.  If  the  brain  has  been  previously 
separated  from  the  medulla  the  inspiration  which  follows  division  of  the 
second  vagus  frequently  lasts  40  sec.  and  according  to  Markwald  may 
reach  the  enormous  duration  of  one  minute  seventy-five  seconds.  But 
here  again  a  close  examination  of  the  curve  reveals  the  fact  that  the 
rate  of  contraction  of  the  inspiratory  muscles  remains  unaltered  although 
the  strength  and  duration  of  the  contraction  are  enormously  increased. 
This  strong  inspiration  is  put  an  end  to  by  a  quick  elongation  of  the 
muscle.  Both  thorax  and  diaphragm  ultimately  return  to  a  condition 
of  complete  rest  and  the  abdominal  muscles  then  begin  to  contract 
slowly.  When  this  active  expiration  hi\a  reached  a  considerable  height 
the  abdominal  muscles  suddenly  relax  and  the  inspiratory  muscles  at 
once  contract  violently,  producing  a  second  strong  and  long  inspiration. 
It  is  a  noticeable  fact  that,  when  the  brain  has  been  separated  from  the 
medulla  previously  .to  the  division  of  the  vagi,  each  expiration  produces 
a  complete  return  to  the  state  of  rest  of  both  thorax  and  diaphragm. 
I  have  never  seen  even  traces  of  a  tonic  contraction  of  the  inspiratory 
musculature. 

The  first  inspiration  after  dividing  both  vagi  deserves  closer  atten- 
tion, especially  as  Gad  scarcely  notices  it  in  his  description.  It  mostly 
far  exceeds  in  duration  though  not  in  height  any  inspiration  which 
follows  it.  The  expiratory  elongation  which  follows  it  is  mostly  very 
incomplete,  and  if  a  tonic  contraction  appears  after  dividing  the  vagi 
it  is  always  most  marked  between  the  first  and  second  inspirations. 
The  duration  of  this  first  inspiration  is  intimately  connected  with  the 
appearance  of  an  inspiratory  tone.  The  same  iniluenccs  which  affect 
the  one  also  affect  the  other.  If  the  animal  is  narcotized  with  morphia 
or  is  very  deeply  under  the  influence  of  chloral  or  if  it  has  been  in  any 
way  maltreated,  we  invariably  find  that  the  tonic  contraction  of  the 
inspiratory  muscles  is  absent  and  that  the  first  inspiration  which  follows 
the  division  of  the  vagi  differs  little  from  those  which  come  after  it.  If 
the  vagi  are  divided  whilst  the  animal  is  breathing  an  atmosphere  of 
hydrogen  or  is  in  any  way  dyspnoeic  both  phenomena  are  again  absent 
It  is  therefore  no  wonder  that  a  tonic  contraction  is  absent  when  the 
vagi  are  divided  after  the  separation  of  the  brain  from  the  medulla,  for 
after  the  enormous  inspiration  which  follows  this  operation  the  centre 
must  be  in  a  condition  of  violent  dyspnoea.  In  fact  we  find  that  under 
such  conditions  if  the  animal  be  left  to  itself  it  gradually  dies  of  slow 
asphyxia.    On  the  other  hand  the  most  favourable  conditions  for  the 
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appearance  of  an  inspiratory  tone  and  a  long  primary  inspiration  are  a 
light  narcosis  and  the  least  possible  exhaustion.  The  fact  that  tho 
animal  is  breathing  an  atmosphere  of  pure  oxygen  when  the  vagi  are 
divided  is  not  of  the  slightest  inilucuce  on  cither  the  tone  or  the 
duration  of  the  first  inspiration  except  in  as  far  as  it  assures  the 
absence  of  djrspnoea.  The  remaining  factors  which  tend  to  prolong  the 
inspiration  which  immediately  follows  division  of  both  vagi  I  shall 
discuss  in  a  further  section. 

A  peculiar  phenomenon  must  now  be  described  which  sometimes 
makes  its  appearance  after  the  vagi  have  been  frozen.     If  the  vagi  are 
removed  from  the  freezing  apparatus  (*'Thermode"')  as  soon  as  they 
are  frozen,  by  means  of  a  paint-brush  moistened  in  salt  solution,  they 
will   regain  their  conducting  power  after  a  time  although  they  have 
been  completely  frozen.    If  the  nerves  arc  allowed  to  lie  in  the  wound 
so   that  they  become  couiplutely   thawed   and  are   tested   at  stated 
intervals  (say  of  a  minute)  by  inflating  the  lungs,  a  stage  appears  in 
wliich  the  inflation  instead  of  inhibiting  the  inspirations  actually  shortens 
the  expiratory  period  (Curve  vi,  Plate  I).   The  strength  of  the  inspiratory 
contractions  is  not  increased  but  their  duration  is  prolonged,  and  owing 
to  the  incomplete   expiratory  elongation  a  tonic  inspiratory  contrac- 
tion appears  during  the  inflation.     After  about  an  hour  and  a  half  this 
plitMionuMion  gRulually  diwvpiioars  and  inflation  of  tho  lungs  produces 
the  uonual  effect.    Thus  if  the  vagi  are  carefully  removed  from  tlie 
freezing  apparatus  as  soon   as  they  are  frozen   throe   stages   appear. 
Firstly,  a  considerable   time  (10  min.)  during  which  inflation  of  the 
lungs  produces  no  effect  at  all — the  vagi  have  lost  their  conducting 
power.     Secondly,  a  stage  during  which  an  inflation  produces  an  in- 
spiratory effect ;  and  thirdly,  one  in  which  inflation  of  the  lungs  produces 
the  usual  inhibition  of  inspiration.     If  however  the  vagi  are  allowed  to 
remain  some  time  (10  sec.)  on  the  thermodes  this  paradoxical  ofl'oct 
ceases  to   make  its  appearance  when   the   nerves  are  removed  from 
the  freezing  apparatus.     It  entirely  fails  to  appear  during  the  recovery 
of  the  vagi  after  they  have  been  anaesthetized  with  ether  vapour,  and 
I  am  totally  at  a  loss  to  account  for  its  appearance.    That  this  pheno- 
menon is  due  to  the  vagi  and  not  to  some  other  nerve  is  proved  by  its 
immediate  disappearance  when  the  vagi  are  divided  with  the  scissors. 
That  it  is  not  due  to  the  alteration  in  blood-pressure  caused  by  the 


>  Gad  onlU  the  two  bent  wirefl  on  wbioh  the  nerves  are  frosson  **  Thennodes.*'    "Die 
BcgoUmng  der  normalen  Athmaug." 
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inflation  is  shown  by  its  ceasing  to  appear  after  the  vagi  have  been  cut 
through  below  the  frozen  spot  although  inflation  of  the  lungs  is  still 
followed  by  the  same  change  in  the  blood-pressure. 

To  sum  up  the  results  of  the  experiments  described  in  this 
section : 

(1)  We  must  be  careful  in  dividing  the  vtigi  to  guard  against  the 
stimulating  effect  which  follows  closure  of  the  nerve  current  in  the 
central  end  of  the  cut  nerve. 

(2)  Freezing  the  vagi  does  not  stimulate  them,  and  the  mechanism 
by  which  the  freezing  is  effected  has  the  additional  advantage  of 
preventing  the  closure  of  the  nerve  current 

(3)  Division  of  the  vagi  without  stimulation  invariably  produces 
an  overpowering  inspiratory  effect  on  the  breathing.  The  vagi  normally 
exert  an  influence  on  the  breathing,  the  absence  of  which  shows. itself  in 
increased  inspiratory  activity  of  the  respiratory  centre,  both  tonic  and 
rhythmia  There  is  no  increase  in  the  rapidity  with  which  the 
inspiratory  muscles  contract  but  only  an  increase  in  the  strength  and 
duration  of  the  contraction. 

(4)  The  tonic  inspimtory  contraction  wears  off  after  a  time  and  wo 
notice  that  the  blood  in  the  left  side  of  the  heart  is  distinctly  darker 
than  normal.  This  seems  to  show  that  the  respiratory  movements 
which  follow  division  of  the  vagi  are  unable  to  keep  the  blood  up  to  the 
normal  standard  of  aeration.  The  appearance  of  an  inspiratory  tone  is 
very  dependent  on  the  condition  of  the  centre.  Deep  narcosis,  dyspnoea 
or  exhaustion  of  any  kind  tend  to  prevent  its  appearance. 

§  4.     Ths  Effect  produced  by  increasing  the  Duration  of  the  Normal 

Action  of  the  Va^i, 

We  have  just  seen  that  the  vagi  undoubtedly  exert  some  influence 
on  the  respiratory  centre  even  during  normal  respiration.  Let  us 
assume  with  Hering  and  Breuer  and  with  Gad  that  this  influence 
is  due  to  the  effect  produced  on  the  end  organs  of  these  nerves  by  the 
periodic  alterations  in  volume  which  occur  during  normal  breathing. 
Now  we  obviously  have  the  power  of  artificially  altering  this  normal 
influence  in  two  directions.  We  can  either  allow  the  lungs  to  expand 
or  collapse  imdcr  the  influence  of  the  normal  respiratory  movements 
and  then  by  closing  the  trachea  keep  them  for  a  greater  or  loss  time  in 
one  or  other  condition.  By  this  moans  we  increase  the  duration  of 
the  influence   normally  exerted  by  the  vagi   during  respiration.     Or, 
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secondly,,  we  can  actually  inflate  the  lungs  above  the  normal  volume 
and  allow  them  to  collapse  completely  by  puncturing  the  thorax.  Here 
we  increase  the  strength  of  the  influence  normally  excited  by  the 
vagL 

If  the  trachea  is  closed  at  the  moment  that  a  normal  inspiration  has 
reached  its  height  the  breathing  remains  for  a  short  time  unchanged 
(Curve  ix,  Plate  I).  The  inspiratory  contraction  ceases  and  the  muscles 
elongate  in  the  same  way  and  at  the  same  rate  as  normally.  Then 
follows  the  usual  pause,  and  it  is  here  that  we  first  notice  anything 
unusuaL  The  pause  is  enormously  prolonged  and,  in  those  cases  where 
a  tonic  contraction  was  present  during  the  expiratory  period,  the  muscles 
continue  to  relax  and  finally  reach  a  condition  of  complete  elongation. 
After  a  varying  interval  the  pause  is  broken  by  a  strong  inspiratory 
contraction,  considerably  stronger  than  the  normal  inspirations.  The 
elongation  which  follows  is  again  conipleto,  and  a  second  long  pause 
follows,  which  is  however  shorter  than  the  one  which  preceded  it  though 
longer  than  the  normal  pauses.  If  the  tracheal  cannula  is  now  opened 
the  respiratory  movements  become  very  rapid.  The  expiratory  elonga- 
tions are  frequently  incomplete  and  an  inspiratory  tone  appears  during 
the  first  few  moments  following  the  opening  of  the  trachea. 

If  on  the  other  hand  the  trachea  is  closed  during  the  expiratory 
}iause  the  breathing  sunbi-s  the  converse  change  (Curve  viii,  Plato  I). 
The  pause  during  which  the  trachea  is  closed  lasts  the  usual  time  and 
is  followed  by  an  inspiratory  contraction  of  the  normal  rapidity.  But 
when  the  inspiration  has  reached  the  normal  strength,  instead  of  ceasing 
abruptly,  it  goes  on  increasing  until  the  curve  reaches  a  point  far  above 
the  crests  of  the  normal  inspiratory  contractions.  As  the  contraction 
decreases  in  rapidity,  the  curve  gradually  bends  over  until  the  lever 
traces  an  almost  horizontal  line.  Thus  closure  of  the  trachea  in  the 
expiratory  phase  of  respiration  causes  an  increase  in  the  strength  and 
duration  of  the  inspiratory  contractions.  This  strong  inspiratory 
contraction  is  followed  by  a  quick  and  complete  elongation,  which  is 
succeeded  by  a  pause  equal  to,  or  at  any  rate  not  more  than  twice,  the 
duration  of  the  normal  pause.  From  this  pause  arises  a  second  long 
and  strong  inspiration  closely  resembling  its  predecessor.  If  the  trachea 
is  now  opened  the  breathing  resumes  the  normal  type  and  we  never  find 
even  a  trace  of  the  peculiar  shortening  of  the  expiratory  period  which  is 
so  common  when  the  trachea  is  opened  after  closure  in  the  inspiratory 
phase  of  respiration. 

These  experiments  show  that,  as  Hering  and  Breuer  pointed  out. 


16  //.  HEAD. 

the  stimulus  to  the  vagi  is  not  simply  caused  by  the  expansion  of  the 
lungs  but  by  their  expanded  condition.  For  in  every  case  the  expansion 
was  that  caused  by  a  normal  inspiration  and  yet  the  breathing  was 
affected  as  long  as  the  lungs  were  kept  in  the  expanded  position. 

Though  the  effect  produced  by  closing  the  trachea  during  the 
different  phases  of  respiration  depends  on  the  condition  of  the  lungs 
and  not  on  the  act  of  collapse  or  expansion,  yet  the  breathing  docs  not 
cease  to  be  rhythmia  Closure  in  the  inspiratory  phase  produces  a  long 
pause,  but  this  pause  is  always  ultimately  broken  by  a  strong  inspiration. 
Similarly  the  strong  inspiration  which  follows  closure  in  the  expiratory 
phase  is  always  followed  by  an  expiration.  Thus  although  the  lungs 
remain  permanently  in  a  condition  of  collapse  or  dilatation  the  centre 
still  continues  to  send  out  rhythmical  impulses  although  these  impulses 
are  much  modified  by  the  effect  produced  by  the  condition  of  the 
lungs. 

To  sum  up  the  results  of  the  experiments  described  in  this 
section. 

(1)  Closure  of  the  trachea  in  the  inspiratory  phase  of  respiration 
causes  a  decrease  in  the  inspiratory  activity  of  the  centre,  whilst  closure 
in  the  expiratory  phase  causes  an  increase  both  in  the  strength  and 
duration  of  the  inspiratory  contractions. 

(2)  This  effect  is  produced  by  the  volume  assumed  by  the  lungs 
and  not  by  the  act  of  expansion  or  collapse. 

(3)  In  spite  of  the  fact  that  the  lungs  remain  permanently  dilated 
when  the  trachea  is  closed  at  the  height  of  the  inspimtory  phase,  the 
pause  so  produced  is  broken  by  an  inspiration.  Conversely  in  spite 
of  the  permanently  diminished  volume  which  the  lungs  assume  when 
the  trachea  is  closed  in  the  expiratory  phase  the  strong  expiration 
so  produced  is  cut  short  by  an  expiration.  Thus  although  the  lungs  do 
not  materially  alter  in  volume  the  activity  of  the  centre,  though 
profoundly  altered,  still  remains  rhythmia 

§  5.    Increase  and  Diminution  in  iJie  Volume  of  the  Lunge. 

A.     The  immediate  effect  of  increasing  and  diminishing  the 

volume  of  the  lungs. 

In  the  previous  section  we  examined  the  effect  of  increasing  the 
duration  of  the  natural  stimulus.  We  now  pass  on  to  the  results  which 
follow  an  increase  in  its  strength. 
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The  first  result  of  a  gentle  inflation  of  the  lungs  is  an  immediate 
cessation  of  all  inspiratory  activity.  If  the  inflation  falls  in  the  period 
represented  on  the  curve  by  the  pause  this  same  pause  is  immensely 
prolonged  (Curve  xiii,  Plate  I).  It  can  last  15 — 20  sec.  or  even  longer, 
but  is  always  sooner  or  later  broken  by  an  inspiratory  contraction. 
If  on  the  contrary  the  inflation  takes  place  in  the  middle  of  an 
inspiratory  contraction  this  contraction  is  at  once  inhibited  and  the 
prolonged  pause  begins.  I  have  already  mentioned  that  under  certain 
circumstances  the  expiratory  elongations  are  incomplete.  If  the  lungs 
are  inflated  under  such  conditions,  the  rhythmic  inspiratory  contrac- 
tions cease  at  once  and  the  lever  sinks  to  the  point  it  occupied  between 
any  two  previous  inspirations  (Curve  xi,  Plate  I).  But  if  the  lungs 
are  allowed  to  remain  in  a  dilated  condition  the  lever  continues  to 
sink  steadily,  so  that  if  the  pause  last  long  enough  the  muscles 
finally  elongate  completely.  Thus  an  inflation  of  the  lungs  inhibits, 
firstly,  the  rhythmic  inspiratory  contractions  and,  secondly,  any  tonic 
contraction  of  the  inspiratory  muscles  that  may  be  present. 

I  must  here  reiterate  the  warning  of  Hering  and  Breuer^  against 
violent  inflation.  The  inflation  must  always  be  made  with  care ;  for  if 
the  air  is  violently  blown  into  the  lungs  an  inspiration  always  precedes 
the  inhibitory  pause.  This  is  especially  the  case  with  animals  that  are 
but  lightly  narcotized.  It  is  in  all  probability  diic  to  stimulation  of 
some  sensory  nerve  in  the  body-wall,  for  I  have  seen  it  in  but  lightly 
narcotized  animals  even  after  division  of  the  vagi.  Just  such  an  inspira- 
tion appears  when  any  sensory  nerve  is  stimulated  electrically'.  But 
this  is  not  the  only  evil  effect  resulting  from  violent  inflation.  Violent 
distension  of  the  lungs  easily  leads  to  lesions  in  their  structure  which 
appear  in  a  post-mortem  examination  as  permanent  emphysematous 
tlistonsion  of  the  alveoli. 

If  the  lungs  are  kept  in  a  dilated  condition  sufliciently  long  the  pause 
is  ultimately  broken  by  an  inspiration.  This  ^'interrupting"  inspiration 
appears  on  the  curve  as  a  quick  contraction  often  double  the  strength 
of  that  of  a  normal  inspiration.  The  contraction  is  quick  but  of  short 
duration  compared  with  its  strength,  and  it  therefore  traces  a  curve 
with  a  very  sharp  apex.  It  closely  resembles  the  inspirations  which 
often  appear  when  the  trachea  is  closed  in  the  inspiratory  phase  and 


1  Hering.    8iUh.  d,  k,  Akad,  d,  WissentcJiaft.  1868,  Bd.  Lvn.  page  917. 
>  Knoll.    **Beitrage  sscir  Lehre  v.  d.  Athmnngsinnervation,"  FUnfte  Mitiheilung. 
SiUb.  d.  ft.  Akad.  d.  Witgeimh.  m.  Abth.  1886. 
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is  very  different  from  the  strong  flat-topped  inspirations  which  follow 
division  of  the  vagi  or  closure  of  the  trachea  in  expiration. 

There  are  two  methods  by  which  the  volume  of  the  lungs  may  be 
diminished.  Either  the  thorax  may  be  perforated  and  tho  lungs  allowed 
bo  collapse  completely*  or  the  volume  of  the  luugs  may  bo  diminishod 
by  applying  suction  to  the  opening  of  the  tracheal  cannula. 

Hering  and  Breuer*  describe  the  results  which  are  produced 
by  complete  collapse  of  the  lungs  as  follows: — "Beim  plotzlichen 
Lungencollaps  durch  Pneumothorax  tritt  ein  machtiger  Inspirations- 
tetanus  ein,  der,  bei  Kaninchen  bis  zu  8  und  10  Secunden  Dauer  hat 
und  audi  im  weitcren  Verlaufe  nur  durch  kleine  Oscillationen  des 
Zwcrgfclls  um  seine  InspirationsstoUung  untcrbrochcn  wird,  bis  all- 
miihlig  bei  wachsender  Dyspnoe  grossere  expiratorische  Erschlaffungen 
des  Diaphragmas  eintreten." 

Although  Hering  and  Breuer  did  not  use  a  graphic  method  for 
recording  these  results  the  words  I  have  just  quoted  are  an  exact 
description  of  the  curves  I  have  obtained  on  allowing  both  lungs  to 
collapse  suddenly.  If  but  one  side  of  the  thorax  is  opened  we  obtain  a 
similar  curve  except  that  the  tctiinus  is  very  much  shorter  than  when 
both  sides  of  the  thorax  are  opened  (Curve  xi,  Plate  11).  But  ou  the 
other  hand  the  animal  recovers  quite  easily  after  opening  one  side  of  the 
thorax  and  there  is  no  nece&sity  to  have  recourse  to  artificial  respiration, 
an  advantage  which  will  be  appreciated  later.  If  but  one  lung  is 
allowed  to  collapse  the  inspiratory  tetanus  which  is  produced  expands 
the  lung  on  the  sound  side  of  the  thorax  to  a  very  considerable  extent. 
This  expansion  undoubtedly  produces  a  depressing  effect  on  the  inspira- 
tory activity  of  the  centre  and  probably  accounts  for  the  comparative 
shortness  of  the  tetanus  produced  by  the  collapse  of  only  one  lung.  I 
hit  upon  the  following  method  for  obviating  the  inhibition  from  the 
sound  lung  and  at  the  same  time  keeping  the  animal  alive  without 
artificial  respiration.  The  right  vagus  was  divided  and  as  soon  as  the 
breathing  had  almost  completely  returned  to  the  normal  type  the  left  side 
of  the  thorax  was  opened.  Now  in  many  cases  the  vagus  of  the  left  side 
but  slightly  supplies  the  right  lung.  Thus  under  favourable  conditions 
we  have  almost  completely  got  rid  of  all  possibility  of  inhibition  from 
expansion  of  the  right  lung  (Curve  viii,  Plate  II).     On  perforating  the 

1  I  need  scarcely  say  that  the  lungs  do  not  become  atelectatic.  As  soon  as  tlie  thorax 
is  opened  the  lungs  recede  from  the  body-wall  and  assume  a  volume  considerably  below 
that  which  they  reach  in  even  extreme  expiration.    They  however  still  contain  air. 

>  Page  5,  Bd.  lvii.  1868. 
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left  side  of  the  thorax  after  dividing  the  right  vagus  the  muscles 
contracted  quickly  and  remained  for  over  20  sec.  in  a  condition  of 
tetanic  contraction.  The  first  incomplete  expiratory  elongations  then 
appeared,  but  it  w<is  many  minutes  before  the  respiratory  movements  in 
any  way  approached  the  normal  type.  Finally  the  breathing  assumed  a 
form  differing  from  the  normal  in  the  strength  of  the  inspirations  and 
the  presence  of  a  certain  amount  of  inspiratory  tone.  I  may  add  that 
tiie  tetanus  following  collapse  of  one  lung  under  such  conditions  is 
seldom  so  long  as  on  Curve  viii,  Plate  II  which  has  been  chosen  for  its 
extremely  marked  characteristics.  Obviously  it  is  now  in  the  power  of 
the  experimenter  by  inflating  the  lungs  of  such  an  animal  and  then 
allowing  them  to  collapse  to  repeat  to  a  certain  extent  the  phenomena 
attending  the  original  collapse  (Curve  v,  Plate  II).  But  on  attempting 
to  reproduce  the  phenomena  of  the  original  collapse  by  this  means,  we 
find  that  the  result  of  collapse  is  not  always  the  same.  Normally  the 
inflation  causes  a  pause  in  the  breathing  which  as  soon  as  the  lungs 
are  allowed  to  collapse  gives  way  to  a  strong  tonic  contraction;  the 
rhythmic  breathing  is  completely  abolished  for  several  seconds.  But  if 
the  animal  is  made  dyspnoeic  this  tonic  contraction  ceases  to  appear  on 
collapse  of  the  lungs.  The  more  dyspnoeic  the  animal,  the  less  is  the 
tone  which  follows  collapse,  and  sometimes  the  only  effect  of  the  return 
of  tlio  hiiigs  aflor  the  inflation  is  to  Hlighlly  iiicrciuso  the  strength  of  the 
rhythmic  inspiratory  contractions.  The  appearance  of  the  tonic  contrac- 
tions is  intimately  dependent  on  the  due  aeration  of  the  respiratory 
centre. 

I  pointed  out  above  that  after  collapse  of  one  lung  the  breathing  was 
characterized  by  a  certain  amount  of  tonic  contraction  of  the  inspiratory 
muscles.  After  a  considerable  time  this  tone  wears  off  and  the  muscles 
elongate  completely  after  each  inspiration.  If  the  lungs  are  now 
inflated  and  allowed  to  collapse,  not  only  do  we  observe  the  phenomena 
that  I  have  just  described  but  we  also  find  that  the  tonic  contraction  has 
returned.  After  the  immediate  effect  of  the  collapse  has  passed,  the 
muscles  still  fail  to  elongate  completely  after  each  inspiration. 

So  far  we  have  considered  the  effect  of  what  may  be  called  permanent 
inflation  and  collapse  of  the  lungs.  It  is  of  especial  importance  for  the 
study  of  the  phenomena  produced  by  artificial  respiration  to  determine 
the  effect  of  what  may,  in  comparison,  be  called  momentary  expansion 
and  collapse. 

A  momentary  inflation  must  not  be  caused  by  a  violent  burst  of  air 
but  the  lungs  must  be  gently  inflated  and  allowed  to  return  at  once  to 

2—2 
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their  normal  volume.  If  such  an  inflation  falls  in  the  inspiratory  period 
the  sudden  shortening  of  the  inspiratory  contraction  is  often  the  only 
result  produced  (Curve  i,  Plate  II).  If  on  the  other  hand  the  lungs  are 
inflated  during  the  expiratory  pause,  that  pause  is  mostly  consi(leral)ly 
lengthened  (Curve  x,  Plate  II).  If  an  inspiratory  tone  is  present,  a 
momentary  inflation  applied  during  tlic  expiratory  phase  causes  a  slight 
elongation  of  the  muscles,  whereas  if  it  falls  in  the  inspiratory  period  it 
simply  shortens  the  rhythmic  inspiratory  contraction  and  leaves  the  tone 
unaffected. 

A  momentary  diminution  in  the  volume  of  the  lungs  can  be  pro- 
duced by  sucking  a  small  quantity  of  air  from  the  trachea  and  allowing 
the  lungs  to  return  at  once  to  their  normal  volume.  If  such  a  momen- 
tary collapse  falls  in  the  period  occupied  by  the  pause,  an  inspiratory 
contraction  at  once  appears  resembling  a  normal  inspiration  enlarged  in 
every  direction  (Curve  ix,  Plate  II).  If  the  suction  is  applied  when 
a  normal  inspiration  has  just  reached  its  height  the  already  rounded 
curve  gives  place  to  a  sudden  further  contraction  of  the  inspiratory 
muscles,  which  in  its  turn  describes  a  rounded  curve  and  suddenly 
ccivses. .  Tluis  a  second  inspiration  is  produce<l  taking  its  rise  from  the 
crest  of  the  normal  contraction  of  the  inspiratory  muscles.  If  the 
suction  is  applied  during  the  expiratory  elongation  before  the  muscles 
have  completely  elongated,  a  fresh  inspiration  is  produced  rising  from 
the  still  contracted  diaphragm. 

B.     The  positive  afteraction  caused  by  increase  and  diminu- 
tion in  the  volume  of  the  lungs. 

The  effect  of  a  momentary  increase  or  diminution  is  not  confined  to 
the  period  during  which  the  inflation  or  suction  lasted  Even  after 
the  lungs  have  returned  to  their  normal  volume  the  breathing  is 
considerably  modified.  If  the  lungs  are  momentarily  inflated  during 
the  expiratory  pause,  not  only  is  that  pause  prolonged  but  the  ])ext 
inspiratory  contraction  is  also  considerably  smaller  than  usual.  Each 
succeeding  inspiration  gains  in  strength,  but  it  is  not  until  the  sixth 
inspiration  after  an  inflation  lasting  at  most  1^  sec,  that  the  inspiratory 
contractions  reach  the  normal  strength  (Curve  ii,  Plate  II).  This  partial 
suppression  of  the  contractions  is  frequently  accompanied  by  a  length- 
ening of  the  expiratory  pauses  although  this  is  not  always  the  case. 
On  Curve  i,  Plate  II  the  only  effect  produced  by  a  momentary  inflation 
was  a  diminution  in  the  strength  of  the  inspirations. 
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Now  it  appeared  posaible  that  this  diminution  in  inspiratory 
c^ctivity  which  followed  a  momentary  inflation  might  be  due  to  some 
amelioration  in  the  condition  of  the  air  in  the  lungs.  I  therefore 
8ubstitutc<l  hydrogen  for  air  as  the  means  of  inflation,  but  exactly  the 
same  afteraction  appeared  after  inflation  with  either  gas.  In  fact 
it  would  be  impossible  to  tell  on  most  of  the  curves  which  gas 
had  been  used  in  the  inflation.  However  a  slight  difference  sometimes 
appears  in  the  later  stages  of  the  afteraction.  For  the  afteraction, 
if  strong,  renders  the  inspirations  so  ineffectual  that  the  hydrogen 
in  the  lungs  is  not  sufficiently  replaced  by  air  and  a  certain  amount  of 
dyspnoea  results.  Even  when  air  is  used  some  dyspnoea  not  infre- 
quently appears  owing  to  the  smallness  of  the  inspirations  caused 
by  the  afteraction  following  the  inflation.  If  oxygen  is  used  instead 
of  air  the  same  phenomena  follow  the  inflation  but  dyspnoea  fails 
to  appear  in  spite  of  the  smallness  of  the  inspirations,  and  the  after- 
action continues  to  make  itself  felt  undisturbed  by  dyspnoeic  changes. 
Under  otherwise  similar  conditions  the  afteraction  produced  by  a 
momentary  inflation  of  the  lungs  with  oxygen,  air  or  hydrogen  is 
the  same  in  kind  and  degree  though  not  in  duration. 

Thus  a  momentary  inflation  of  the  lungs  produces  a  depressing 
effect  on  the  inspiratory  activity  of  the  centre  not  only  during 
the  time  during  which  the  lungs  remain  distended,  but  even  .after 
they  h*ave  returned  to  their  normal  volume.  We  now  see  how  such 
stimuli  succeeding  one  another  at  a  definite  rate  could  undergo  summa- 
tion. 

Such  afteraction  is  not  confined  to  a  momentary  inflation  but  also 
appears  after  a  momentary  diminution  in  the  volume  of  the  lungs.  On 
Curve  ix,  Plate  II  the  strong  inspiration  caused  by  the  momentary 
suction  is  followed  by  an  elongation  of  the  inspiratory  muscles.  But 
the  elongation  has  scarcely  reached  the  crests  of  the  normal  inspirations 
before  it  becomes  slow.  Long  before  the  muscles  are  completely 
elongated  a  second  inspiration  appears.  This  inspiration  is  followed  by 
an  elongation  which  though  stronger  than  its  predecessor  is  not 
complete.  Thus  each  succeeding  inspiration  starts  from  a  lower 
base  line  but  4 — 5  sec.  elapse  before  the  breathing  becomes  normal. 
During  the  first  few  seconds  after  a  momentary  diminution  in  the 
volume  of  the  lungs  the  expiratory  elongations  are  incomplete,  the 
pause  is  absent  and  there  is  a  distinct  inspiratory  tone — all  signs  that 
the  centre  is  still  under  the  influence  of  the  diminution  in  volume. 

Thus  both  momentary  increase  and  diminution  in  the  volume  of 
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the  lungs  affect  the  respiratory  centre,  not  only  during  the  duration  of 
the  mechanical  change  of  volume,  but  even  after  the  lungs  have 
returned  to  their  normal  condition. 


C.    The  negative  afteraction  following  increase  and  diminu- 
tion in  the  volume  of  the  lungs. 

If  the  lungs  are  inflated  the  expiratory  pause  produced  by  the 
inflation  is  finally  broken  by  an  inspiratory  contraction  although 
the  lungs  are  still  dilated.  This  contraction  is  strong,  of  comparatively 
short  duration  and  traces  a  curve  with  an  extremely  sharp  crest.  But 
if  the  lungs  are  allowed  to  return  to  the  normal  volume  just  before  this 
interrupting  inspiration  would  normally  have  made  its  appearance,  the 
breathing  undergoes  a  very  different  modification  (Curve  vi,  Plate  II). 
At  the  moment  of  collapse  the  inspiratory  muscles  contract  strongly 
but  somewhat  slowly  and  produce  a  strong  flat-topped  curve.  This 
contraction  is  of  about  the  same  strength  as  the  interrupting  inspiration 
but  exceeds  it  greatly  in  duration.  Thus  sudden  return  of  the  lungs 
to  the  normal  volume  after  an  inflation  of  considerable  <Inratioii 
produces  a  strong  and  long  inspiratory  contraction. 

It  might  be  objected  that  both  the  interrupting  inspiration  and 
the  strong  inspiratory  effect  which  follows  collapse  after  an  inflation 
were  due  to  the  dyspnoea  which  must  necessarily  result  during  such  a 
long  pause  in  the  breathing.  However  I  think  that  this  explanation 
will  scarcely  suflice  to  explain  cither  phenomenon.  For,  provided 
the  inflations  are  of  the  same  strength,  the  pause  is  broken  at  almost 
exactly  the  same  moment  whether  oxygen,  air  or  hydrogen  be  used 
to  inflate  the  lungs.  It  is  true  that  the  strength  of  the  interrupting 
contraction  is  generally  greatest  when  the  lungs  have  been  inflated  with 
hydrogen,  but  the  time  of  its  appearance  is  the  same  with  all  three 
gases  under  otherwise  similar  conditions.  Again  the  fact  that  the 
animal  is  breathing  oxygen  during  and  after  the  inflation  does  not 
diminish  the  strength  of  the  inspiratory  contraction  which  is  produced 
by  the  sudden  return  of  the  lungs  to  their  normal  volume  after  the 
inflation.  Indeed  it  is  rather  favourable,  than  otherwise,  to  its  appear- 
ance, for  if  the  animal  is  dyspnoeic  this  inspiratory  contraction  is  of 
much  shorter  duration  and  is  much  more  diflicult  to  produce  than  when 
the  lungs  have  been  inflated  with  air  or  with  oxygen.  Thus  the 
continued  action  of  an  inhibitory  stimulus  would  appear  to  be  favour- 
able to  the  appearance  of  a  burst  of  inspiratory  energy  at  the  moment 
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when  the  inhibition  is  removed.     I  shall  call  this  phenomenon  the 
negative  afteraction  for  want  of  a  better  name. 

When  the  inflation  has  not  lasted  very  long,  return  of  the  lungs  to 
the  normal  volume  is  often  followed  by  a  slow  inspiratory  contraction  of 
great  duration  but  of  comparatively  small  strength  (Curve  iii,  Plate  II). 
Although  the  contraction  may  last  3  sec.  the  curve  scarcely  reaches 
the  summits  of  the  normal  inspiratory  curves.  The  elongation  which 
follows  is  veiy  incomplete,  and  a  varying  amount  of  tonic  inspiratory 
contraction  is  present.  The  normal  breathing  is  not  regained  until  after 
several  inspirations.  It  appears  as  if  the  return  of  the  lungs  to  the 
normal  volume  after  an  inflation,  which  lasts  some  little  time,  tends  to 
throw  the  centre  into  a  condition  particulivrly  favourable  to  the  appear- 
ance of  inspiratory  tone  and  favours  the  abolition  of  rhythmic  breathing. 
From  this  condition  of  tonic  activity,  the  centre  is  awakened  by  the 
inhibitory  stimulus  produced  by  the  dilatation  of  the  lungs. 

As  I  pointed  out  above,  collapse  of  the  lungs  to  a  volume  below 
the  normal  is  particularly  active  when  it  follows  an  inflation.  On 
Curve  V,  Plate  II  complete  collapse  of  one  lung  after  an  inflation 
abolished  rhythmic  breathing  for  7  sees.  Even  if  but  a  little  air  is 
allowed  to  enter  one  side  of  the  thorax  (Curve  xi,  Plate  I),  collapse  of 
the  lungs  after  an  inflation  causes  an  inspiratory  contraction  of  very 
grrat  duration.  Now  during  the  nonnul  breathing  of  an  animal  witli 
slight  pneumothorax,  the  diaphragm  is  in  a  condition  of  slight  tonic 
contraction.  If  we  wait  until  the  tone  has  disappeared,  and  then  inflate 
the  lungs,  not  only  is  rhythmic  breathing  abolished  for  the  first  few  sees. 
after  the  collapse  of  the  lungs,  but  even  after  the  animal  again  breathes 
rhythmically,  we  notice  that  the  tone  has  returned.  It  again  disappears 
after  a  minute  or  more  to  be  again  recalled  by  another  inflation. 

Thus  a  prolonged  inflation  of  the  lungs  tends,  on  its  removal,  to 
throw  the  centre  into  a  condition  favourable  to  the  appeai*ance  of  a 
tonic  inspiratory  contraction  and  to  the  abolition  of  rhythmic  breathing. 
We  might  expect  that  if  a  prolonged  inflation  of  the  lungs  produced 
an  inspiratory  negative  afteraction,  a  prolonged  diminution  in  their 
volume  might  be  followed  by  a  negative  afteraction,  which  appeared  as 
a  decrease  in  the  inspiratory  activity  of  the  centre.  Under  certain 
conditions  this  is  actually  the  case.  If  suction  is  applied  and  care  be 
taken  that  the  lungs  do  not  dilate  again  to  any  considerable  extent,  a 
strong  inspiratory  contraction  is  produced  which  often  lasts  many  seconds 
before  the  first  elongation  appears.  If  the  trachea  is  suddenly  opened 
before  the  appearance  of  this  expiratory  elongation,  the  lungs  dilate  and 
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under  certain  circumstances  the  inspiratory  muscles  elongate  at  once. 
The  pause  which  now  follows  is  longer  than  normal,  and  there  appear 
to  be  at  any  rate  traces  of  an  expiratory  afteraction.  However  this 
negative  afteraction  is  by  no  means  so  satisfactory  as  that  which  follows 
a  prolonged  inflation.  For  it  is  not  at  all  easy  by  means  of  suction  to 
produce  a  prolonged  inspiratory  contraction  in  any  way  comparable  to 
the  prolonged  pause  following  an  inflation.  When  the  suction  has 
lasted  3  or  4  seconds  the  rhythmic  breathing  begins  again,  and  all 
chance  of  a  negative  afteraction  is  past.  It  is  true  that  collapse  of  the 
lungs  to  a  volume  below  the  normal  produces  a  prolonged  inspiratory 
tetanus  comparable  to  the  long  pause  produced  by  inflation,  but 
UTifortnuatoly  wo  are  unable  to  bring  them  back  to  their  normal 
volume  without  actually  inflating  them.  If  however  a  large  dose  of 
chloral  has  been  administered,  or  if  the  brain  has  been  separated  from 
the  medulla,  the  negative  afteraction  is  often  very  well  marked  (Curve 
vii,  Plate  II);  and  if  the  animal  has  been  experimented  on  for  a 
considerable  time,  the  strong  inspiration  which  follows  suction  is 
frequently  followed  by  a  prolonged  expiratory  pause,  when  the  lungs 
return  to  their  nonnal  volume. 

To  sum  up  the  results  of  the  experiments  described  in  this  section — 

(1)  Increase  in  the  volume  of  the  lungs  causes  a  cessation  of  all 
inspiratory  movements  whether  rhythmic  or  tonic.  The  expiratory 
pause  thus  produced  is  always  finally  broken  by  a  strong  inspiration 
provided  the  lungs  remain  long  enough  in  a  dilated  condition. 

Decrease  in  volume  causes  an  increase  in  the  inspiratory  activity  of 
the  centre,  which  shows  itself  in  the  development  of  a  strong  tonic 
inspiratory  contraction. 

(2)  An  inflation  of  the  lungs  of  short  duration  not  only  depresses 
the  inspiratory  activity  of  the  centre  during  the  time  it  lasts  but  also 
influences  the  breathing  after  the  lungs  have  returned  to  their  normal 
volume. 

Momentary  diminution  in  the  volume  of  the  lungs  not  only  causes 
a  strong  inspiratory  contraction  during  the  time  that  it  lasts,  but  also 
causes  an  inspiratory  tone  to  appear  between  the  rhythmic  inspirations 
which  follow  the  return  of  the  lungs  to  their  normal  volume. 

This  has  been  called  the  positive  afteraction. 

(3)  Provided  the  inhibitory  pause  has  not  been  interrupted  by  an 
inspiration,  return  of  the  lungs  to  their  normal  volume  after  a  prolonged 
inflation  causes  an  outburst  of  inspiratory  energy  which  tends  to  abolish 
the  normal  rhythm  and  substitute  tonic  inspiratory  innervation. 
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Under  certain  circumstances  the  return  of  the  lungs  after  a  diminu- 
tion in  their  volume  tends  to  increase  the  expiratory  phase  of  respiration. 

This  has  been  called  the  negative  afteraction. 

(4)  The  essential  factors  of  all  these  phenomena  are  independent 
of  the  gas  with  which  the  lungs  may  be  filled.  However,  dyspnoea  is 
distinctly  unfavourable  to  the  appearance  of  tonic  innervation  of  the 
inspiratory  muscles,  and  decidedly  favourable  to  the  maintenance  of 
rhythmic  respiration. 

§  6.    On  certain  otiiei'  Stimvli  whid^  affect  tlie  Activity  of  tlie  Respiratory 

Centre. 

Besides  the  so-called  "natural"  stimulation  of  the  vagi  it  is  of 
course  possible  to  stimulate  the  trunks  of  one  or  both  nerves  electrically. 
Rosenthal*  states  that  electrical  stimulation  of  the  divided  vagi  caused 
an  increase  in  the  inspiratory  rhythm,  and  if  strong  enough  might  lead 
to  an  actual  tetanus  of  the  inspiratory  muscles.  Expiration  could  only 
follow  stimulation  of  the  vagi  when  the  current  escaped  onto  the 
superior  laryngeal  nerve.  But  if  we  divide  one  vagus  and  stimulate  the 
central  end  with  the  weakest  interrupted  current  that  in  any  way  affects 
the  breathing,  a  distinct  expiratory  effect  is  produced.  The  pauses  be- 
twoni  tlu^  insplnitory  coiiti-nctioiis  boannc  longer  than  normal  and  the 
inspirations  themselves  are  generally  less  powerful.  As  Knoll'  lias 
shown  this  is  just  the  effect  which  is  produced  when  the  divided  nerve 
is  stimulated  by  closing  its  own  current.  If  the  central  end  of  the 
divided  vagus  is  dropped  into  the  wound  in  the  neck  or  onto  any  moist 
surface  the  inspirations  are  diminished  in  height  and  the  pauses  which 
separate  them  increased  in  length.  The  stimulus  rapidly  decreases  in 
intensity  but  can  he  renewed  by  raising  the  vagus  and  allowing  it  again 
to  fall  back  onto  the  moLst  surface. 

With  the  ordinary  du  Bois  induction  apparatus,  this  primary  ex- 
piratory effect  is  not  always  easy  to  see,  for  we  rapidly  pass  into  a  region 
where  the  stimulation  produces  an  inspiratory  effect.  A  slight  increase 
in  the  strength  of  the  stimulus  then  produces  the  well-known  "tetanus" 
of  Rosenthal.  This  "tetanus"  is  however  not  produced  so  much  by  a 
quickening  in  the  inspiratory  rhythm  as  by  a  decrease  in  the  complete- 
ness of  the  expiratory  elongations  (cf.  Curve  xiii,  Plate  II).  The 
breathing  is  but  slightly  increased  in  rate,  but  with  every  increase  in 

»  Die  Aihembewegwigm  tiiid  ihre  Beziehung  zum  Nervut  Vagiu,  Berlin,  1862. 
*  En  oil.    ZweiUi  Miitbeilmig.    SiUh,  d.  k.  Akad,  d,  Wissensch.  Bd.  lxxzyi. 
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the  strength  of  the  stimulus  the  muscles  elongate  less  completely  until 
the  diaphragm  finally  fiills  into  a  condition  of  tonic  contraction.  A 
further  increase  in  the  strength  of  the  stimulus  leads  to  the  appearance 
of  active  expiratory  contractions  of  the  abdominal  muscles  (Curve  xii, 
Plate  n).  This  effect  is  possibly  produced  by  the  escape  of  the  current 
onto  the  superior  laryngeal  nerve. 

Now  it  is  interesting  to  notice  that  the  behaviour  of  the  vagus 
during  electrical  stimulation  of  varying  strength  is  very  similar  to  that 
of  an  efferent  nerve  containing  two  kinds  of  fibres.  Biedermann^  has 
shown  that  the  nerve  which  supplies  the  claw  of  the  crayfish  is 
composed  of  two  kinds  of  fibres  different  in  structure  and  in  their 
behaviour  to  reagents.  The  smallest  effective  stimulus  to  this  nerve 
causes  the  claw  to  open,  whilst  a  slight  increase  in  the  strength  of  the 
stimulus  causes  it  to  dose  promptly. 

If  one  vagus  is  divided  and  the  central  end  stimulated  electrically  it 
is  possible  to  r^;ulate  the  stimulus  so  that  it  just  &ils  to  produce  a 
complete  "totanusw**  The  diaphragm  remains  to  a  cerUiiu  extent 
peniianently  contracted  but  the  rhythmic  movemcuts  are  not  com- 
pletely abolislictl.  ir  the  lungs  arc  inflated  during  such  a  stimulation 
the  diaphragm  at  once  elongates  (Curve  iv,  Plate  II).  But  as  soon  as 
the  lungs  return  to  the  normal  volume  the  muscles  contract  violently  to 
a  considerably  greater  extent  than  before  the  inflation  and  rhythmic 
respiration  is  completely  abolished  for  several  sees.  Thus  an  electrical 
stimulus,  which  was  unable  to  produce  a  complete  tetanus,  is  able  to 
entirely  abolish  rhythmic  breathing  after  an  inflation,  in  consequence  of 
the  negative  afteraction. 

If  both  vagi  are  divided  and  the  electrical  stimulus  is  increased 
until  it  produces  an  active  expiration,  cessation  of  the  stimulation  is 
foUowed  by  a  very  long  inspiratory  contraction  (Curve  xii,  Plate  II), 
similar  to  that  seen  on  dividing  both  vagi  in  a  normal  animal  Here 
we  have  an  instance  of  nog:\tive  afteraction  pro^lucetl  by  electrical 
stimulation  when  both  vagi  arv  divided.  When  only  one  vagus  has 
been  divided  this  same  phenomeuou  appears  but  in  a  much  less  marked 
form  owing  to  the  restraining  effect  produced  by  the  dilatation  of  the 
lung  of  that  side  on  which  the  vagus  is  intact 

The  changes  in  respiration  which  normally  follow  death  firom 
chloroform  are  generally  said  to  be  due  lo  stimulation  of  the  ends 
of  the  vagi  in  the  lungs  by  the  chloroform  viqMmr*.     But  I  think 

«  **U<ber  d.  Inncnrmtimi  der  Krebc«heiv.*'    iJiiik,  d^  t.  Ak.x4^  d.  Wtssfmsckttji.  IW. 
XCV1I.  Abth.  iii.  Han  18^  <Gf.  KboIL 


REGULATION  OF  RESPIRATION.  27 

that  the  following  experiment  points  to  a  rather  different  conclusion. 
K  tlic  luugs  of  a  normal  animal  aro  iuilatcd  with  cither  chloroform 
or  ether  vapour  an  expiratory  pause  is  produced  as  usual  But  tliis 
pause  is  rapidly  broken  by  a  strong  and  long  inspiration  resembling 
that  seen  when  the  vagi  are  divided.  Although  the  lungs  remain 
dilated  the  muscular  strips  of  the  diaphragm  trace  curves  closely 
resembling  those  seen  after  dividing  the  vs^  As  soon  as  the  trachea 
is  opened  the  breathing  gradually  reassumes  the  norinal  type.  It  would 
seem  from  this  experiment  that  the  chloroform  or  ether  vapour  tended 
rather  to  paralyse  than  to  stimulate  the  ends  of  the  vagi  in  the  lungs. 
Again  it  is  singularly  difficult  to  produce  the  usual  results  which  follow 
increase  and  diminution  in  the  volume  of  the  lungs  if  the  animal  is 
breathing  ether  or  chloroform,  and  it  would  seem  as  if  both  chloroform 
and  other  tended  to  anaesthetize  the  end  organs  of  the  vagi.  However 
owiug  to  the  complicated  action  of  both  chloroform  and  ether  it  is  very 
difficult  to  assure  oneself  of  the  truth  of  this  theory. 

The  application  of  chloroform  vapour  to  the  nasal  mucous  membrane 
of  a  rabbit  acts,  as  Kratchmer^  showed,  as  an  expiratory  stimulation. 
The  expiratory  pauses  become  very  long,  the  inspirations  are  weak,  and 
if  the  stimulus  is  strong,  active  expirations  may  make  their  appearance. 
It  is  interesting  to  notice  that  the  duration  of  the  effect  produced 
dc|KMids  very  much  on  wliether  the  vagi  aro  inUvct  or  not.  In  a  normal 
animal  the  passage  of  a  slight  amount  of  chloroform  vapour  up  one 
nostril  caused  an  expiratory  pause  lasting  5  sees.  One  vagus  was  then 
dividetl  and  as  nearly  as  possible  the  same  stimulus  caused  a  pause 
lasting  8  sees.  Lastly  the  second  vagus  was  divided  and  the  pause  was 
found  to  be  increased  to  15  sees.  This  experiment  illustrates  the  effect 
produced  by  the  vagi  during  normal  respiration. 

Electrical  or  mechanical  stimulation  of  any  ordinary  sensory  nerve 
produces  an  inspiratory  change  in  the  breatiiiug*.  But  if  the  stomach  or 
any  of  the  abdominal  viscera  be  stimulated  mechanically  or  electrically 
the  general  result  is  either  an  increase  in  the  expiratory  pauses  or  more 
often  a  strong  active  expiration.  Such  an  active  expiration  does  not  of 
course  show  itself  on  my  curves  except  indirectly,  but  it  is  perfectly 
easy  to  assure  oneself  of  its  presence  by  watching  the  movements 
of  the  abdominal  muscles  and  of  the  content-s  of  the  abdomen. 

To  sum  up  the  results  obtained  from  the  experiments  in  this  section — 

I  XJther  Reftexe  v,  d.  NoietuchUimJiaut  auf  Athmung  %nd  KreUlauft  1870. 
«  Knoll. 


28  n.  HEAD. 

(1)  Electrical  stimulation  of  the  divided  vagus  produces  firstly  an 
increase  in  the  expiratory  pauses  and  a  decrease  in  the  strength  of  the 
inspiratory  contractions ;  secondly  Rosenthal's  "tetanus*'  which  is  due 
rather  to  incomplete  expiratory  elongation  of  the  inspiratory  miusclcs 
tlian  to  an  increase  in  the  rapidity  of  the  inspirations.  And  tliirdly, 
probably  owing  to  escape  of  current,  active  expirations  accompaniotl  by 
movements  of  swallowing. 

(2)  The  application  of  chloroform  vapour  to  the  nasal  mucous 
membrane  causes  expiratory  pauses  the  length  of  which  are  very 
dependent  on  whether  the  vagi  are  intact  or  not 

(3)  Stimulation  of  any  sensory  nerve  in  the  body  wall  produces  an 
inspiratory  effect,  whereas  stimulation  of  the  visceral  sensory  nerves 
tends  to  cause  an  active  expiration. 

§  7.     Ventilation  or  ** Artificial  Respiration'*. 

We  have  examined  the  effect  of  a  single  diminution  or  increase  in 
the  volume  of  the  lungs  and  now  pass  on  to  the  phenomena  which 
follow  their  periodic  repetition.  Most  of  the  mjvchin(\s  for  "Artificial 
Respiration  "  or  "  Ventilation  "  simply  inflate  the  lungs  periodically  and 
allow  them  to  return  to  the  normal  volume  after  each  stroke  of  the 
pump.  With  all  such  apparatus,  it  is  only  possible  to  watch  the  effect 
of  periodically  repeating  short  inflations..  But  in  1870  Prof  Bering 
designed  a  double  pump  by  which  both  periodic  increase  and  periodic 
decrease  in  the  volume  of  the  lungs  could  be  produced.  When  the 
whole  pump  is  in  action  the  first  stroke  pumps  a  certain  quantity  of  air 
or  other  gas  into  the  lungs  and  the  next  stroke  removes  exactly  the 
same  quantity.  The  strength  and  rate  of  the  inflations  and  suctions 
can  be  regulated  with  the  greatest  nicety.  Now  it  is  obvious  that 
by  connecting  one  half  only  of  the  pump  with  the  trachea  it  is  possible 
to  produce  periodic  inflations,  whilst  by  using  only  the  other  half 
the  ventilation  consists  simply  of  periodic  suctions.  Under  such 
circumstances  each  inflation  or  each  suction  as  the  case  may  be  is 
separated  from  the  next  by  a  nicely  regulated  pause  during  which  the 
lungs  can  return  to  their  normal  volume.  I  have  found  it  convenient  to 
speak  of  ventilation  which  consists  only  of  periodic  inflations  as 
positive;  that  consisting  of  periodic  suctious  as  negative;  and  that 
consisting  of  alternate  suctions  and  inflations  as  compound. 

If  the  first  inflation  of  positive  ventilation  happens  to  fall  in  the 
inspiratory  phase   the   inspiratory   contraction   is  at  once  cut  short. 
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Ab  800Q  as  the  first  stroke  of  the  pump  is  over  another  inspiration 
begins  and  may  reach  its  full  height  before  the  occurrence  of  the  next 
inflation.  Thus  the  normal  rhythm  quickly  adapts  itself  to  the  periodic 
stimulation  and  each  stroke  of  the  pump  corresponds  to  a  pause  in  the 
breathing,  each  pause  in  ventilation  to  an  inspiratory  contraction.  The 
breathing  now  ''  follows  "  the  artificial  respiration. 

But  when  discussing  the  effect  of  a  single  short  inflation  I  pointed 
out  that  every  inflation  exerted  a  depressing  influence  on  the  inspiratory 
activity  of  tho  centre  even  after  the  lungs  had  returned  to  their  normal 
volume.  Thus  cvciy  stroke  of  the  pump  during  positive  ventilation 
not  only  produces  an  expiratory  pause  during  the  time  that  it  lasts 
but  also  tends  to  decrease  the  size  of  the  following  inspiratory  con- 
traction. During  positive  ventilation  every  inspiration  is  smaller  than 
that  which  preceded  it.  The  inspiratory  contractions  get  smaller  with 
every  stroke  of  the  pump  until  they  entirely  disappear  (Curve  vii,  Plate 
V).  See  also  6.  woodcut,  p.  31.  The  umscles  then  remain  quiescent 
even  between  the  strokes  of  the  pump.  If  ventilation  is  now  stopped  a 
pause  follows  which  Rosenthal  called  Apnoea.  But  we  must  not 
forget  that  the  cessation  of  all  rhythmic  respiration  during  the  time 
that  the  ventilation  lasts  is  the  same  phenomenon  as  the  pause  which 
appears  on  stopping  the  ventilation,  whatever  theory  we  may  adopt  to 
i*xplain  iL  J  UuM-rforo  |>ro|Ni8o  to  call  th(^  Formor  A[>noca  of  Ventilation 
and  the  latter  the  Apnoea  pause. 

If  wo  use  the  opposite  form  of  ventilation  in  which  each  stroke  of 
the  pump  sucks  a  given  quantity  of  air  out  of  the  lungs  the  breathing  is 
modified  in  a  very  different  way  (Curvei  vi,  Plate  III).  The  first  suction 
causes  a  strong  inspiratory  contraction.  As  soon  as  the  suction  is  over 
the  lungs  dilate  and  the  inspiratory  muscles  elongate  rapidly.  Then 
follows  the  second  stroke  of  the  pump  accompanied  by  a  second  strong 
inspiratory  contraction.  Here  again  the  breathing  "follows"  the 
artificial  respiration  although  with  exactly  the  converse  movements  to 
those  produced  during  periodic  inflations.  Here  each  stroke  of  the 
pump  is  accompanied  by  an  inspiratory  contraction  and  followed  during 
the  pause  by  an  expiratory  elongation.  But  as  I  showed  above,  each 
momentary  suction  tends  not  only  to  produce  an  inspiration  during  the 
time  it  lasts  but  also  to  depress  the  expiratory  activity  of  the  centre 
even  after  the  lungs  have  returned  to  their  normal  volume.  Thus 
every  elongation  is  less  complete  than  the  one  which  preceded  it,  and 
finally  all  rhythmic  respiratory  movements  are  completely  abolished. 
But  although  rhythmic  breathing  has  ceased  the  inspiratory  muscles 
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are  contracted  to  an  extent  far  in  excess  of  any  normal  inspiration. 
Tills  is  exactly  the  converse  phenomenon  to  the  expiratory  pause  which 
finally  results  during  periodic  inflations  and  I  propose  to  call  it  the 
Apnoea  of  negative  Ventilation.     See  c.  woodcut,  p.  31. 

Some  may  object  to  the  use  of  tlie  word  apnoea  for  such  a  condition 
as  this  and  insist  that  it  can  only  be  applied  to  a  condition  in  which 
all  the  respiratory  muscles  are  at  rest.  But  there  is  nothing  in  the 
meaning  of  the  word  which  prevents  its  application  to  the  cessation  of 
all  rhythmic  respiration,  whether  the  inspiratory  muscles  be  tonically 
contracted  or  not.  The  one  type  is  so  exactly  the  complement  of  the 
other  that  one  generic  term  is  required  for  both,  and  I  shall  therefore 
speak  of  the  phenomena  following  negative  ventilation  as  "  Inspiratory 
Apnoea "  and  that  following .  positive  ventilation  as  "  Expiratory  or 
Inhibitory  Apnoea".  If  stress  is  laid  on  the  form  of  the  ventilation 
independent  of  tlie  form  of  apnoea  it  produces,  the  apnoea  will  be 
spoken  of  as  that  of  positive  or  negative  ventilation  as  the  case 
may  be. 

As  we  might  expect,  compound  ventilation  produces  an  apnoea 
intermediate  between  the  otiicr  two  forms  (Curve  v,  V\x\\a\  TV).  Siip|H>sing 
the  first  stroke  of  the  pump  produces  an  inflation  the  inspiratory 
contraction  is  promptly  cut  short.  But  this  inflation  is  at  once  followed 
by  a  suction  which  calls  forth  a  strong  inspiration.  Thus  each  complete 
cycle  of  the  pump  produced  two  distinct  effects — firstly  an  expiratory 
effect  and  secondly  an  inspiratory  contraction ;  and  the  breathing  takes 
up  the  rhythm  of  the  ventilation.  Now  each  inflation  tends  to  abolish 
the  inspiratory  rhythm  of  the  centre  even  after  the  lungs  have  returned 
to  their  normal  volume.  Each  suction  tends  to  produce  an  exactly 
opposite  afteraction.  The  resultant  of  these  two  opposite  afteractions 
is  very  interesting  and  consists  in  the  total  abolition  of  rhythmic 
respiration  and  the  substitution  of  a  certain  amount  of  tonic  inspiratory 
contraction.  The  inspiratory  contractions  and  the  expiratory  elongations 
become  very  small  and  finally  disappear,  the  lever  tracing  a  line  of 
varying  height  according  to  the  relative  value  of  the  two  stimuli.  For 
although  the  actual  increase  in  the  volume  of  the  lungs  under  the 
influence  of  the  one  stroke  may  be  exactly  equal  to  their  diminution  at 
the  next  stroke,  the  stimuli  so  caused  are  not  always  of  equal  value. 
The  conditions  which  cause  one  form  of  stimulus  to  be  more  effective 
than  the  other  will  be  described  later  on. 

If  the  curve  produced  by  ventilation  composed  of  alternate  inflations 


REGULATION  OF  RESPIRATION. 


31 


a.  normal  breathing. 


I\y\/\^v__ 


6.  apnoea.    pocitive  ?entUation. 


e.  apnoea.    negative  yonttlation. 


AM 


/\/\^- 


d,  coiui)ound  ▼ouiikitioii. 


and  suctions  is  carefully  examined  and  compared  with  those  produced 
by  positive  and  negative  ventilation,  the  clearest  traces  of  double  action 
can  be  seen.  During  positive  ventilation  each  inspiratory  curve  is 
sharply  pointed  and  is  separated  from  the  others  by  a  considerable 
interval.  During  negative  ventilation  on  the  other  hand  the  crests  of 
the  inspiratory  curves  are  broad  and  elongated  and  the  expiratory 
periods  are  very  short  But  during  compound  ventilation  the  crest  of 
each  inspiration  is  separated  from  that  of  the  next  inspiration  by 
almost  exactly  the  same  interval  tliat  separates  the  trough  of  each 
elongation  curve  from  the  lowest  point  of  the  next  elongation. 

If  one  side  of  the  thorax  is  opened  so  that  the  lung  of  that  side 
collapses,  periodic  inflations  produce  an  apnoea  closely  resembling  that 
caused  by  compound  ventilation  (Curve  v,  Plate  VI).  Each  inflation 
causes  the  usual  decrease  in  inspiratory  activity,  but  each  return  of  the 
lungs  to  their  abnormally  diminished  total  volume  produces  a  strong  in- 
spinitory  ciTcct.  In  fact  the  collapse  of  the  lungs  after  each  inflation  may 
now  produce  quite  as  strong  an  inspiratory  effect  as  if  compound  ven- 
tilation were  applied  to  the  lungs  of  an  uninjured  animal.  Even  if  but 
a  slight  amount  of  air  has  been  allowed  to  enter  one  side  of  the  thorax, 
positive  ventilation  no  longer  produces  a  complete  expiratory  standstill 
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but  leaves  the  diaphragm  in  a  condition  of  slight  tonic  contraction  after 
rhythmic  breathing  has  been  abolished. 

But  now  and  then  even  in  a  perfectly  normal  animal  positive  venti- 
lation leaves  the  diaphragm  slightly  contracted  after  rhythmic  breathing 
has  been  abolished.  If  the  ventilation  is  continued  for  a  considerable 
time  after  rhythmic  respiration  has  ceased,  the  muscles  gradually 
elongate  and  may  finally  elongate  completely.  But  if  the  ventilation 
is  weak  and  the  animal  very  sensitive  traces  of  inspiratory  tone  can  be 
discovered  even  after  the  rhythmic  breathing  has  ceased  (Curves  iv  and 
viii,  Plate  V).  Although  not  a  normal  occurrence  this  phenomenon  is 
especially  prone  to  appear  in  animals  in  which  a  single  inflation  was 
followed  by  a  strong  negative  afteraction. 

When  we  consider  the  form  assumed  by  the  apnoea  in  consequence 
of  periodic  suctions,  we  must  not  forget  that  this  form  of  ventilation  is 
in  reality  only  an  extreme  form  of  compound  ventilation.  For  during 
the  later  stages  of  negative  ventilation  the  lungs  do  not  dilate  to  the 
normal  volume  after  each  suction  but  to  a  volume  far  above  the 
norm«al.  The  diaphragm  is  strongly  contracted  even  between  the  strokes 
of  the  pump  and,  as  soon  as  each  suction  censes,  the  lungs  expand 
proportionately.  It  is  indeed  very  doubtful  whether  during  the  later 
stages  of  negative  ventilation  the  suctions  really  reduce  the  volume  of 
the  lungs  even  to  the  normal.  Yet  in  spite  of  this  each  suction 
undoubtedly  still  produces  an  inspiratory  effect.  Thus  even  negative 
ventilation  is  only  an  extreme  variation  of  compound  ventilation. 

Now  in  certain  animals  expansion  of  the  lungs  appears  to  be  a  par- 
ticularly active  stimulus.  The  slightest  dilatation  of  the  lungs  produces 
a  marked  oirect  on  the  breathing,  whilst  diminution  in  tlioii'  volume 
produces  comparatively  little  result.  In  such  animals  negative  ventila- 
tion produces  the  usual  abolition  of  rhythmic  breathing,  but  the  tonic 
contraction  is  scarcely  stronger  than  that  produced  by  compound  venti- 
lation in  other  animals  (cf.  Curves  i  and  iii,  Plate  VI).  Here  the  fact 
that  the  lungs  return  to  a  volume  above  the  normal  between  the  strokes 
of  the  pump  seems  to  greatly  decrease  the  strength  of  the  inspiratory 
tone  which  is  produced  by  this  form  of  ventilation. 

In  one  animal,  out  of  the  many  used  in  these  experiments,  the 
inspiratory  tone  produced  by  negative  ventilation  was  not  nearly  as 
great  as  that  caused  by  compound  ventilation  in  a  normal  animal.  A 
slight  inflation  produced  a  pause  of  quite  abnormal  length,  and  on 
closing  of  the  trachea  in  the  inspiratory  phase  a  pause  appeared  as  long 
as  that  normally  following  an  inflation. 
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To  sum  up  the  results  of  this  section — 

(1)  Periodic  inflations  gradually  abolish  rhythmic  breathiug  and 
produce  a  pause  during  which  the  inspiratory  muscles  generally  remain 
completely  elongated. 

(2)  Periodic  suctions  also  abolish  rhythmic  respiration  but  the 
inspiratory  muscles  remain  in  a  condition  of  permanent  tonic  contrac- 
tion. 

(3)  Compound  ventilation  produces  ])heuomena  intermediate 
between  tliosc  which  arc  produced  by  the  two  other  forms  of  vcnti- 
lutiuu. 

(4)  If  one  lung  is  allowed  to  collapse  positive  ventilation  now 
produces  an  apnoea  closely  resembling  that  following  compound  venti- 
lation, and  under  certain  circumstances  even  in  the  normal  animal  the 
disappearance  of  rhythmic  breathing  in  consequence  of  positive  ventila- 
tion may  be  accompanied  by  the  appearance  of  a  slight  inspiratory  tone. 
Conversely,  negative  ventilation  may  sometimes  produce  an  inspiratory 
tone  but  slightly  stronger  than  that  ordinarily  caused  by  compound 
ventilation. 

§  8.  Tlie  Apnoea  Pause. 

All  forms  of  ventilation  produce  one  phenomenon  in  common — the 
abolition  of  rhythmic  respiration — although  the  condition  of  the  in.spi- 
nitory  muscles  varies  very  much  according  to  the  nature  of  the  ven- 
tilation. 

We  have  seen  that  positive  ventilation  leads  to  the  production  of 
an  apnoea  which  is  normally  characterised  by  the  complete  elongation 
of  the  inspiratory  muscles.  When  the  ventilation  ceases  the  muscles 
remain  perfectly  quiescent  for  a  varying  length  of  time  (Curve  vii,  Plate 
V).  The  apnoea  pause  is  fmally  broken  by  a  small  and  shallow 
inspiratory  contraction.  Then  follows  a  considerable  pause,  which  is 
broken  by  a  slightly  stronger  inspiration.  The  normal  type  of  breathing 
is  gradually  regained  by  an  increase  in  the  strength  of  the  inspiratory 
contractions  and  by  a  decrease  in  the  pauses  between  them.  Such  an 
apnoea  pause  is  the  exacts  continuation  of  the  apnoea  which  appeared 
during  the  positive  ventilation.  But  the  longer  the  pause  lasts,  the 
lH)orer  must  be  the  condition  of  the  air  in  the  lungs,  irntil  finally  the 
pause  is  broken  by  an  inspiration.  But  the  centre  is  still  dominated  by 
the  afteraction  of  the  ventilation  and  a  very  slight  dilatation  of  the 
lungs  is  sufiicient  to  check  the  inspiratory  contractions.     As  the  influ- 
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ence  of  the  afteraction  gradually  wears  off  the  inspirations  increase  in 
size  and  the  expiratory  pauses  decrease  in  duration..  In  fact  the 
recovery  of  the  centre  after  an  apnoea  pause  is  accompanied  by  the 
same  phenomenon  that  appeared  after  a  momentary  inflation.  'I'he 
assumption  that  the  pause  wsis  broken  by  an  inspiration  in  consequence 
of  the  growing  dyspnoea  is  supported  by  the  fact  that  the  only  differ- 
ence between  the  apnoea  produced  with  oxygen  or  with  air  lies  in  the 
postponement  of  the  first  inspiration. 

But  this  is  not  the  only  type  of  pause  which  follows  the  cessation  of 
positive  ventilation.  If  the  ventilation  is  stopped  as  soon  as  the  rhyth- 
mic breathing  has  ceased,  the.  muscles  frequently  do  not  remain 
elongated  (Curve  iii,  Plate  III).  They  begin  to  contract  slowly  as  soon 
as  the  ventilation  ceases  and  trace  a  slow  contraction  curve  which  may 
finally  reach  the  height  of  the  crests  of  the  normal  inspiration&  In 
this  case  the  pause  is  replaced  by  a  slow  inspiratory  contraction  of  great 
duration.  This  contraction  is  followed  by  an  incomplete  elongation  of 
the  inspiratory  muscles,  and  the  normal  breathing  is  gradually  regained 
by  an  increase  in  the  expiratory  elongations  and  by  a  slight  simul- 
taneous increase  in  the  strength  of  the  inspiratory  contractions.  T  long 
thought  that  this  phenomenon  was  due  to  dyspnoea  but  the  substi- 
tution of  hydrogen  for  air  as  the  medium  of  ventilation  led  rather  to 
the  abolition  of  this  gradual  rise  than  to  its  increase. 

If  we  count  the  number  of  inflations  that  are  sufficient  to  produce 
this  form  of  pause  and  then  repeat  the  experiment,  increasing  the 
duration  of  the  ventilation,  the  pause  is  modified.  For  the  first  few 
seconds  after  the  ventilation  has  ceased  the  muscles  remain  relaxed  and 
a  true  expiratory  pause  appears.  But  the  muscles  then  begin  to  con- 
tract slowly  and  form  the  same  long  slow  contraction  curve  that  I  have 
just  described.  If  on  the  other  hand  we  decrease  the  duration  of  the 
positive  ventilation  the  breathing  assumes  a  peculiar  type  when  the 
ventilation  ceases  (Curve  v,  Plate  III).  The  muscles  contract  quickly  to 
about  half  the  height  of  a  normal  inspiration  and  trace  a  long  flat  curve 
lasting  about  three  seconds.  Then  follows  the  first  elongation,  which  is 
cut  short  by  the  appearance  of  another  flat  inspiration.  Each  subse- 
quent inspiration  becomes  stronger  and  each  expiratory  period  longer 
until  the  normal  type  of  breathing  is  regained.  Thus  if  the  duration 
of  the  ventilation  is  short  and  the  animal  sensitive  a  more  or  less  tonic 
form  of  inspiratory  energy  seems  particularly  liable  to  invade  the  period 
which  intervenes  before  the  normal  rhythm  is  reestablished. 

I  pointed  out  above  that  the  apnoea  which  appears  during  negative 
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ycntilatiou  is  the  resultant  of  the  action  of  two  opposing  forces,  the 
diminution  in  volume  caused  by  the  suctions  and  the  return  to  a 
volume,  considerably  exceeding  the  normal,  after  each  stroke  of  the 
pump.  The  rhythn)  is  abolished  and  the  muscles  remain  in  a  condition 
of  tonic  contraction  of  varying  strength.  Now  this  resultant  afteraction 
lasts  even  after  the  ventilation  has  ceased  just  as  was  the  case  with  the 
afteraction  caused  by  positive  ventilation.  As  soon  as  the  ventilation 
stops,  the  muscles  begin  to  elongate  (Curves  iv  and  vi,  Plate  III).  But 
long  before  they  have  completely  elongated  they  remain  for  a  moment 
stationary  and  then  contract  again  slightly.  Then  follows  a  more 
complete  elongation  and  true  rhythmic  respiration  begins  again.  But 
both  the  expiratory  elongations  and  the  inspiratory  contractions  arc 
feeble  and  regular  rhythmic  breathing  is  not  reestablished  until  several 
seconds  have  elapsed. 

If  this  form  of  apnoea  pause  wore  the  exact  expression  of  the  after- 
action caused  by  the  negative  ventilation  the  muscles  would  remain 
contracted  to  exactly  the  same  extent  as  during  the  ventilation.  But 
we  must  not  forget  that  the  lungs  are  dilated  to  a  quite  abnormal 
extent.  The  strong  tonic  inspiratory  contn^ction  which  is  produced  by 
the  afteraction  tends  to  cause  its  own  destruction  by  enormously 
dilating  the  lungs.  It  is  therefore  no  wonder  that  the  muscles  begin  to 
f^longatc  :us  f^oou  .'is  the  ventilation  co.'iscs.  TIio  ]>oint  to  bo  noticiMl  is 
that  rhythmic  breathing  fails  to  appear  for  several  seconds  after  the 
ventilation  has  ceased  in  spite  of  the  great  dilatation  of  the  lungs. 
Even  when  the  rhythmic  breathing  reappears,  it  is  characterised  by 
the  incomplete  expiratory  elongations  which  we  have  so  often  taken  as 
an  indication  that  the  centre  is  still  under  an  inspiratory  inflticnce. 
The  stronger  the  ventilation  the  more  gradual  is  the  elongation  of  the 
muscles  and  the  longer  the  time  that  elapses  before  rhythmic  breathing 
is  roestablishcil  (cf.  Curves  iv  and  vi,  Plate  III).  The  following 
experiment  tends  to  show  that,  but  for  the  dilatation  of  the  lungs 
which  it  produces,  the  inspiratory  aCtoractiou  would  continue  to  c;iuse 
exactly  the  same  tonic  contraction  of  the  inspiratory  muscles  even  after 
the  ventilation  ceased.  The  right  vagus  is  divided  and  the  left  lung 
allowed  to  collapse  by  puncturing  the  thorax.  As  I  pointed  out  above 
positive  ventilation,  in  an  animal  so  treated,  causes  a  strong  inspiratory 
apnoea.  The  rhythmic  breathing  is  abolished,  but  the  muscles  remain 
strongly  contracted  just  as  during  negative  ventilation  in  a  normal 
animal  K  the  ventilation  is  stopped  the  centre  is  under  the  influence 
of  a  strong  inspiratory  afteraction.     But  the  left  lung  cannot  exj^and 
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under  its  influence,  and  the  expansion  of  the  right  lung  does  not,  under 
favourable  circumstances,  influence  the  activity  of  the  centre  for  the 
vagus  which  supplies  it  is  divided.  The  inspiratory  afteraction  is 
therefore  able  to  show  itself  unhindered  by  the  changes  in  the  capacity 
of  the  thorax  which  it  produces.  The  inspiratory  muscles  remain 
permanently  contracted  until  the  advent  of  the  first  feeble  expiratory 
elongation,  and  the  lever  traces  a  horizontal  line  without  any  trace 
of  the  fall  which  was  so  noticeable  after  negative  ventilation  in  a 
normal  animal.  In  fact  the  curve  sometimes  even  rises  during  the 
apnoea,  probably  in  consequence  of  some  influence  from  the  collapsed 
lung. 

I  shall  describe  fully  later  the  effect  of  dividing  both  vagi 
without  stimulation  at  the  moment  when  the  negative  ventilation 
ceases.  But  what  concerns  us  now  is  that,  under  such  circumstances, 
the  elongation  of  the  inspiratory  muscles  entirely  fails  to  make  its 
appearance.  If  the  vagi  are  successfully  divided  at  the  moment  when 
tlie  ventilation  is  stopped,  the  muscles  remain  contracted  to  the  same 
extent  as  during  the  ventilation  and  the  appearance  of  rhythmic  respim- 
tioii  is  considerably  <lofoiTcd.     (Curve  iv,  Plate  VI.) 

Thus  the  form  assumed  by  the  apnoea  pause  which  follows  negative 
ventilation  depends  upon  the  interaction  of  two  antagonistic  stimuli  on 
the  respiratory  centre.  (1)  The  afteraction  which  has  been  formed 
during  the  ventilation  as  the  resultant  of  the  inspiratory  eflect  of 
,the  suctions  and  the  expiratory  efl^ect  of  the  return  of  the  lungs 
between  the  strokes  of  the  pump.  And  (2)  the  expiratory  stimulus 
caused  by  the  increased  volume  of  the  luiigs  which  this  afteraction 
.tends  to  produce. 

The  cessation  of  compound  ventilation  is  followed  by  a  pause  of 
considerable  length.  The  muscles  elongate  slowly  to  a  slight  extent 
with  even  decreasing  rapidity.  Finally  they  contract  again  slowly,  and 
then  a  quick  but  incomplete  elongation  marks  the  return  of  rhythmic 
respiration  (Curve  iii,  Plate  VI).  The  amount  to  which  the  muscles 
elongate  during  the  apnoea  pause  is  inversely  as  the  amount  of  tonic 
contraction  produced  by  the  ventilation.  If  the  ventilation  causes  an 
apnoea  more  nearly  approaching  the  inspiratory  form  the  elongation  is 
considerable;  if  on  the  other  hand  the  tonic  contraction  produced  by 
the  compound  ventilation  is  comparatively  small  the  curve  traced  by 
the  apnoea  pause  is  an  almost  complete  continuation  of  the  curve  of 
ventilation.  But  in  every  case  the  fall  during  the  apnoea  is  less  abrupt 
than  during  the  apnoea  caused  by  negative  ventilation  in  the   same 
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animal.  This  is  probably  due  to  the  small  extent  to  which  the  lungs 
arc  iliLatcd  by  the  afteraction  of  this  form  of  ventilation  compared  with 
the  dilation  caused  by  the  afteraction  of  negative  ventihition.  The 
inhibition  from  the  lungs  is  therefore  weaker  and  the  muscles  elongate 
more  slowly. 

The  explanation  I  have  given  for  the  various  forms  assumed  by  the 
apnoea  pause  rests  upon  the  assumption  that  the  centre  can  be 
influenced  by  stimuli  from  the  lungs  even  during  apnoea.  But 
Rosenthal^  states  that  stimulation  (electrical)  of  the  vagi  is  entirely 
without  effect  during  apnoea.  In  their  first  communication  Hering 
and  Breuer'  make  the  same  statement,  but  in  tlieir  second  paper  they 
show  that  collapse  of  the  lungs  causes  an  inspiration  even  during 
apnoea,  provided  it  be  not  too  deep. 

If  the  hings  are  inflated  during  an  inspiratory  apnoea  the  inspiratory 
muscles  elongate  rapidly  and  remain  completely  quiescent  during  the 
duration  of  the  inflation  (Curve  \,  Plate  IV).  In  fact  this  form  of 
stimulation  appears  to  be  particularly  active  during  an  inspiratory 
apnoea^  to  judge  by  the  length  of  time  which  elapses  before  the  pause 
is  broken  by  an  "interrupting"  inspiration.  If  this  inflation  is  of 
short  duration  the  muscles  elongate  as  before  but  contract  again 
strongly  as  soon  as  the  inflation  is  over  (Curve  iv,  Plate  VII).  This 
conLnuttiou  is  teniiinatod  by  a  .slight  elongation,  which  is  quickly 
followed  by  another  contraction,  so  that  for  many  seconds  the  rhythmic 
respiratory  movoincnts  oscillate  about  a  raised  base  line.  Thus  the 
production  of  an  inflation  during  an  inspiratory  apnoea  tends  to 
increase  those  phenomena  which  I  described  above  under  the  term 
of  negative  afteraction. 

It  is  obvious  that  an  inflation  can  cause  no  additional  elongation 
during  a  purely  inhibitory  apnoea,  caused  by  positive  ventilation.  But 
after  positive  ventilation,  the  period,  which  intervenes  before  the 
rhythmic  breathing  is  reestablished,  is  frequently  occupied  by  a  slow 
contraction  of  the  inspiratory  muscles  (vide  p.  34).  In  this  case  an 
inflation  at  once  cuts  short  the  contraction  and  the  muscles  remain 
in  a  condition  of  complete  elongation  until  the  pause  is  broken  by  a 
strong  "interrupting**  inspiration  (Curve  ii,  Plate  III)  such  as  normally 
terminates  the  pause  caused  by  an  inflation.  Thus  we  see  that,  this 
gradual  rise  can  be  stopped  by  applying  a  stimulus  of  the  Sixme  kind 

^  Gap.  8.     Die  Athembewegungen  u.  Hire  Beziehung  z,  Vagtti, 
>  p.  92G.    Sitzb.  tU  k.  Akad,  d,  WUtenscJt.  Abth.  il  18G8. 
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as  the  afteraction  of  the  ventilation.  A  short  in6ation  also  causes 
an  elongation,  but  as  soon  as  it  is  over  the  muscles  contract  to  a  point 
considerably  above  the  level  they  had  rcaclic<l  when  the  inflation  began. 
Thus  whilst  the  actual  inflation  annihilates  the  slow  contraction  in  this 
form  of  apnoea  the  negative  afteraction  of  an  inflation  distinctly  in- 
creases it 

If  the  lungs  are  diminished  in  volume  during  a  complete  expira- 
tory apnoea  following  positive  ventilation  an  enormons  inspiratory 
contraction  is  produced.  This  inspiration  is  both  stronger  and  of 
longer  duration  than  any  inspiration  after  the  vagi  have  been  divided. 
It  is  also  noticeable  that  the  inspiration  produced  by  a  suction  applied 
during  this  form  of  apnoea  is  of  much  greater  duration  than  when 
the  suction  is  applied  during  normal  breathing.  Diminution  in  the 
volume  of  the  lungs  seems  to  act  more  effectively,  to  judge  by  the 
strength  and  duration  of  the  contraction  it  produces,  when  the  centre 
has  been  made  apnoeic  by  periodic  inflations.  If  the  muscles  are 
slowly  contracting  during  the  apnoea,  diminution  in  the  volume  of  the 
lungs  hastens  and  enormously  increases  the  contraction  (Curve  i, 
PlaU?  III).  If  tho  suction  is  of  short  dunition  ("monMMitjiry**)  tli<» 
muscles  contract  rapidly  but  do  not  elongate  completely  after  the 
suction  is  over  (Curve  iii,  Plate  YII).  The  cessation  of  the  suction  is 
followed  by  a  slow  elongation  of  the  inspiratory  muscles,  and  even  when 
the  rhythmic  breathing  begins  again,  an  inspiratory  tone  is  distinctly 
present  This  effect  is  probably  due  to  the  jx>sitive  afteraction  of  tho 
momentary  diminution  in  the  volume  of  the  lungs. 

Thus  we  fimi  that,  whatever  form  the  apnoea  pause  may  assume 
after  positive  ventilation,  it  is  greatly  modified  by  a  diminution  in  the 
volume  of  the  lungs.  It  would  appear  as  if  the  centre  were 
particularly  sensitive  to  this  form  of  stimulation  when  under  the 
influence  of  an  apnoea  caused  by  periodic  inflations. 

Diminution  in  the  volume  of  the  lungs,  whether  momentary 
or  of  considerable  duration,  also  greatly  modifies  the  form  assumed 
by  an  inspiratory  apnoea  (Curve  iv,  Plate  IV).  If  the  muscles 
have  begun  to  elongate  when  the  suction  is  applied,  they  contract 
again  and  trace  an  even  stronger  curve  than  during  the  ventila- 
tion. 

Wlien  treating  of  the  form  which  the  pause  assumeil  after  negative 
ventilation,  I  explained  the  fall  in  the  curve  as  due  to  the 
inhibitions  caused  by  the  dilatation  of  the  lungs.  Here  we  have 
removed  the  influence  of  this  dilation   by  diminishing  the   volume 
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of  Uic  lungs  and  tho  curve  therefore  rises  again.  Tlic  inspiratory  after- 
action has  been  strengthened  by  the  removal  of  the  inhibition  from  the 
dilated  lungs  which  hampered  its  activity. 

It  is  scarcely  necessary  to  add  that  both  increase  and  diminution  in 
the  volume  of  the  lungs  greatly  alter  the  apnoea  pause  produced  by 
compound  ventilation.  In  fact  this  form  of  apnoea  pause  acts  in  every 
way  like  an  apnoea  produced  by  negative  ventilation  in  which  the  tonic 
inspiratory  contraction  is  feeble. 

To  sum  up  the  results  of  the  experiments  just  described — 

(1)  The  apnoea  pause  which  follows  periodic  inflations  of  the  lungs' 
may  vary  between  two  extreme  typea  It  may  either  consist  of  a  pause 
during  which  the  inspiratory  muscles  are  completely  relaxed;  or 
the  period  which  elapses  between  the  close  of  ventilation  and  the 
beginning  of  rhythmic  breathing  may  be  occupied  by  a  slow  contraction 
of  the  inspiratory  muscles. 

(2)  The  apnoea  produced  by  negative  ventilation  consists  of  a 
slow  elongation  of  the  tonically  contracted  inspiratory  muscles;  but 
even  when  rhythmic  breathing  begins  again  a  strong  inspiratory  tone 
is  still  present. 

(3)  Compound  ventilation  produces  a  similar  apnoea  pause  which 
is  of  Ioniser  duration  and  is  characterised  by  less  tonic  contraction  th<in 
that  produced  by  negative  ventilation. 

(4)  Both  increase  and  diminution  in  the  volume  of  the  Kings 
arc  active  stimuli  during  all  forms  of  apnoea,  provided  the  ventilation 
has  not  lasted  too  long. 

(5)  The  various  forms  assumed  by  the  apnoea  pause  under  diffe- 
rent conditions  are  due  to  the  modifying  influence  which  the  position 
of  the  lungs  exerts  on  the  afteraction  produced  by  the  various  forms 
of  ventilation. 


Note,  In  all  these  experiments  I  have  only  applied  Artificial  Bespiration  (Ventilation) 
for  a  very  short  time.  For  the  experiments  I  have  so  far  described  it  was  not  necessary 
to  continue  it  after  rhythmic  respiration  had  been  abolished.  But  I  must  here  add  a 
warning  against  the  ovil  effects  produced  by  long-continued  positive  ventilation.  Positive 
ventilation  causes  a  considerable  fall  in  the  blood-pressure  and  also  great  loss  of  animal 
heat  if  continued  for  long.  After  about  ten  minutes  of  positive  ventilation  the  centre  no 
lonfjor  acts  with  tho  same  promptness  to  various  stimuli,  and  even  half-an-hour  after  the 
wulilation  has  ceased  it  is  apparently  still  enfeebled.  (Of.  Knoll  who  states  that  long- 
oontinaod  ventilation  may  even  cause  anaemia  of  the  brain.)  In  every  case  where  it  is 
noci^ssary  to  apply  artificial  respiration  for  long,  it  should  consist  of  alternating  suctions 
and  inflations. 
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§  9.     The  Effect  produced  by  the  Oas  used  in  Ventilation  on  the  form 

assnmed  by  die  Apnoea. 

So  far  artificial  respiration  has  been  treated  purely  as  the  periodic 
repetition  of  certain  mechanical  stimuli.  We  have  watched  the  gradual 
development  of  the  apnoea  under  the  influence  of  each  stroke  of  the 
pump  and  we  noticed  how  the  form  assumed  by  the  pause  depended  on 
the  character  of  the  ventilation  and  on  the  particular  volume  assumed 
by  the  lunga  It  Ls  thus  extremely  improbable  that  the  increased  aeration 
of  the  blood  is  the  cause  of  the  phenomena  of  apnoea  in  the  normal 
animal.  For  the  varyinff  forms  of  apnooa  arc  so  exactly  what  wc' 
should  expect  from  the  study  of  the  results  produced  by  a  siugle  inflation 
or  collapse  of  the  lungs  that  we  are  compelled  to  explain  them  as  the 
result  of  summation  of  rhythmic  stimulations.  Yet  on  the  other  hand 
the  constitution  of  the  air  in  the  lungs  does  play  a  very  important 
part  in  the  production  of  apnoea  even  when  the  vagi  are  intact 

If  the  lungs  are  inflated  with  hydnigcn  or  with  oxygen,  the  result 
is  in  all  cases  the  same.  The  only  difference  in  the  result  priHlucctl  bv 
a  momentary  inflation  lay  in  the  duration  of  the  afteraction.  Now  the 
two  gases  play  exactly  the  same  part  when  the  stimulus  is  periodically 
repeated  If  the  lungs  are  periodically  inflated  with  pure  hydrogen, 
each  stroke  of  the  pump  tends  to  decrease  the  inspiratory  activity  of 
the  centre.  The  inspirations  get  gradually  smaller,  and  finally  all 
rhythmic  movements  disappear  and  a  tnie  apnoea  of  ventilation  is 
produced  just  as  if  the  lungs  had  been  periodically  inflated  with  air. 
If  tlic  ventilation  is  stopped  a  tnie  apnoea  {)ause  is  sometimes,  though 
rarely,  seen.  More  frequently  rhythmic  breathing  begins  again  as  soon 
as  ventilation  ceases  although  in  a  greatly  modified  form  (Curve  vi, 
Plate  V).  The  first  inspiration  is  very  small  and  is  followed  by  a 
considerable  pause.  The  next  is  somewhat  stronger  and  the  contractions 
incre;ise  in  strength  until  they  rciicli  a  height  alw^ve  that  of  the  normal 
inspirations.  The  breathing  has  become  distinctly  dyspnoeic  for  the 
inspirations  do  not  last  longer  than  the  normal  and  each  is  followed  by  a 
complete  pause.  We  have  thus  succeeded  in  producing  the  complete 
abolition  of  the  respiratory  rhythm  by  periodically  inflating  the  lungs 
with  hydrogen.  On  ceasing  the  ventilation  the  dyspnoea  is  so  great 
that  the  breathing  frequently  recommences  although  the  inspiratory 
activity  is  distinctly  checked  by  the  afteraction  of  the  ventilation.  As 
this  afteraction   is  gradually  overcome  the  inspirations  assume   the 
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normal  dyspooeic  type — tbey  are  strong  but  of  comparatively  short 
duration  and  are  not  accompanied  by  the  presence  of  an  inspiratory 
tona  Now  it  is  interesting  to  notice  that  the  curve  traced  by  the 
gradual  development  of  the  normal  breathing  after  ventilation  with 
hydrogen  very  closely  resembles  that  produced  by  the  gradual  develop- 
ment of  rhythmic  breathing  after  an  inhibitory  apnoea  pause  (cf.  Curves 
vi  and  vii,  Plate  V). 

If  ventilation  with  hydrogen  is  continued  after  the  rhythmic 
breathing  has  ceased,  the  dyspnoea  becomes  so  strong  that  the  inspira- 
tions begin  again  during  the  ventilation.  Rhythmic  breathing  re- 
appears in  exactly  the  reverse  order  to  that  in  which  it  was  abolished. 
The  first  inspiration  is  very  small  and  is  followed  by  a  pause  which 
corresponds  to  a  stroke  of  the  pump.  As  soon  as  this  inflation  is  over  a 
sUghtly  stronger  inspiration  makes  its  appearance.  On  the  curve  which 
I  have  chosen  to  illustnitc  this  phenomenon  (Curve  v,  Plate  V),  the 
ventilation  was  stopped  after  the  fourth  inspination,  and  the  dyspnoea 
now  appeared  in  full  force  unchecked  by  the  ventilation.  The  inspiration 
which  follows  the  cessation  of  ventilation  is  neai'ly  five  times  as  strong  as 
its  predecessor.  The  inspirations  continue  to  increase  in  strength  until 
the  lungs  have  been  freed  from  hydrogen.  The  expiratory  pauses  are 
however  quite  as  long  and  sometimes  longer  than  the  normal  and  the 
inspiratory  contractions  are  of  comparatively  short  duration  compared 
with  their  strength. 

I  had  hoped  to  be  able  to  show  that  negative  ventilation  could  also 
produce  an  apnoea  when  the  lungs  were  filled  with  hydrogen.  But  the 
technical  difficulties  were  so  great  that  we  must  be  content  with  but  an 
indirect  proof.  I  pointed  out  above  that  negative  ventilation  was  in 
reality  only  an  extreme  form  of  compound  ventilation,  and  that  the 
inspiratory  apnoea  produced  by  compound  ventilation  is  only  an 
inspiratory  apnoea  weakened  by  the  iiiflations  which  alternate  with 
the  suctions.  Now  it  is  perfectly  easy  to  use  hydrogen  as  the  medium 
for  compound  ventilation.  The  first  stroke  of  the  pump  inflates  the 
lungs  with  hydrogen  and  the  second  stroke  removes  the  same  amount 
of  the  mixed  gases  in  the  lungs.  After  the  first  few  strokes  the 
atuHisphcrc  in  the  lungs  must  consist,  if  not  entirely  at  any  rat<i  to 
a  very  large  extent,  of  hydrogen.  Now  not  only  docs  this  form  of 
ventilation  abolish  all  rhythmic  respiratory  movements  and  produce 
the  usual  inspiratory  apnoea  but  cessation  of  ventilation  is  generally 
ever  followed  by  a  considerable  apnoea  pause  (Curve  vi,  Plate  IV). 
In  a  normal  animal  14  double  strokes  of  the  pump  produced  an  apnoea 
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pause  of  16  sees,  when  air  was  used  (Curve  v,  Plate  IV).  The  same 
number  of  strokes  of  the  pump  with  hydrogen  also  produced  a  distinct 
pause  lasting  six  sees,  from  which  the  normal  breathing  is  regained  as 
usual  (Curve  vi,  Plate  IV). 

Thus  the  substitution  of  hydrogen  for  air  as  the  medium  of  inflation 
docs  not  materially  alter  the  appearance  of  the  inspiratory  apnoea 
produced  by  compound  ventilation.  Now  the  tonic  inspiratory  con- 
traction IS  produced  by  the  periodic  suctions  which  alternate  with  the 
inflations,  and  as  the  former  still  produce  the  normal  effect  although  the 
lungs  are  filled  with  hydrogen  there  is  no  reason  for  supposing  that 
negative  ventilation  would  not  produce  an  apnoea  under  the  same 
conditions  provided  wo  were  able  to  apply  it. 

The  substitution  of  oxygen  for  air  as  the  medium  of  ventilation 
causes  but  slight  changea  I  showed  in  a  previous  section,  when  dis- 
cussing short  inflations,  that  oxygen  postpones  the  advent  of  dyspnoea 
and  so  allows  the  afteraction  of  the  inflation  to  show  itself  for  a  longer 
time  than  would  otherwise  have  been  possible.  When  ventilation  is 
carried  on  with  oxygen  the  rhythmic  breathing  is  not  abolished  any  more 
rapidly  than  normal ;  the  same  number  of  strokes  of  the  pump  are 
required  to  annihilate  the  inspirations  with  oxygen  as  with  air  (cf. 
Curves  ii  and  iii,  Plate  IV).  The  pause  which  follows  the  cessation  of 
ventilation  is  exactly  of  the  same  nature  whichever  gas  has  been  used, 
though  it  tends  to  last  longer  when  the  lungs  have  been  periodically 
inflated  with  oxygen  (cf.  Curves  iv  and  viii,  Plate  V).  But  not  only 
docs  the  pause  last  longer  but  we  also  find  that  the  breathing  returns 
more  slowly  to  the  normal  type  than  if  air  had  been  used.  This  would 
seem  to  show  that  even  when  the  apnoea  pause  has  been  broken  by  a 
rhythmic  respiratory  movement,  the  afteraction  of  the  ventilation  is 
only  weakened,  not  exhausted.  Otherwise  it  is  difficult  to  understand 
why  the  return  to  the  normal  type  should  be  delayed,  when  dyspnoea  is 
prevented  by  filling  the  lungs  with  oxygen. 

In  the  same  way  oxygen  does  not  alter  the  phenomena  produced 
by  compound  ventilation.  Rhythmic  breathing  disappears  at  the  same 
rate  and  the  tonic  inspiratory  contraction  is  of  the  same  strength  as  if 
air  had  been  used.  The  only  difference  lies  in  the  slightly  increased 
length  of  the  apnoea  pause. 

I  at  one  time  thought  that  the  long  slow  contraction  of  the  inspira- 
tory muscles  which  sometimes  occupies  the  period  of  apnoea  after 
positive  ventilation  might  be  due  to  a  struggle  between  the  afteraction 
and  dyspnoea.     However  on  substituting  hydrogen  for  air  I  found  that 
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the  apnoea  was  shorter  and  that  the  rise  was  generally  less  than  when 
air  w:vs  used  (of.  Curves  i  and  ii,  Plate  V).  Oxygen  seemed  neither 
to  increase  nor  decrease  this  form  of  apnoea.  The  muscles  began  to 
contract  as  soon  as  the  ventilation  ceased  and,  as  soon  as  the  curve 
reached  a  certain  height,  the  muscles  elongated  as  usual  and  the 
normal  breathing  was  regained  in  the  usual  manner.  Thus  this  form 
of  apnoea  cannot  be  due  to  the  struggle  between  dyspnoea  and  the 
afteraction  of  the  ventilation  but  is  probably  produced  by  some  condi- 
tion of  the  centre  perhaps  analogous  to  the  negative  afteraction  which 
somelinics  follows  a  single  inliation. 

To  sum  up  the  experiments  in  this  section — 

(1)  Periodic  inflations  with  pure  hydrogen  abolish  rhythmic  breath- 
ing as  usual  An  actual  apnoea  pause  of  short  duration  may  appear  when 
the  ventilation  ceases  but  more  often  the  rhythmic  breathing  begins 
again  at  once.  In  the  latter  case  the  first  inspirations  are  small  and 
the  contractions  gather  strength  until  the  breathing  assumes  a  distinctly 
dyspnoeic  type. 

(2)  Compound  ventilation  with  hydrogen  produces  the  normal 
results  except  that  the  pause  is  considerably  shorter  than  if  air  is  the 
medium  of  inflation. 

(3)  The  substitution  of  oxygen  for  air  in  either  positive  or  compound 
ventilation  increases  the  length  of  the  apnoea  pause  but  in  no  way 
hastens  the  abolition  of  normal  rhythmic  breathing. 

(i)  The  constitution  of  the  atmosphere  in  the  lungs  does  not 
determine  the  form  assumed  by  the  apnoea  in  a  normal  animal.  This 
apnoea  is  due  to  the  summation  of  the  stimuli  caused  by  the  periodic 
alterations  in  the  volume  of  the  lungs.  Dyspnoea  tends  to  cut  short  the 
appearance  of  this  afteraction  by  causing  the  reappearance  of  rhjrthmic 
brciithing.  Thus  oxygen  increases  the  length  of  the  apnoea  by  averting 
dyKpnoca  and  hydrogen  shortens  the  pause  owing  to  the  dyspnoea  which 
it  causes. 

§  10.    Apnoea  after  Division  of  the  Vagi, 

Rosenthal  in  his  well-known  work  on  the  nervous  mechanism  of 
rcs]>iTation  stated  that  apnoea  was  duo  to  an  over  oxydation  of  the 
blood  which  put  the  centre  to  rest  by  removing  its  normal  stimulus. 
Bill  of  late  yeara  several  physiologists  have  insisted  on  the  part  played 
by  the  vagi  in  the  production  of  apnoea  in  the  normal  animal.  Meischer- 
Rllsch'  distinguished  an  ''apnoea  vera  and  an  apnoea  vagi";  but  to  the 

1  (lu  Boiff  Be3'inond*s  Archiv^  Heft  5  and  6,  1885. 
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best  of  my  knowledge  he  did  not  point  out  how  they  differed  from  one 
another.  Enoll^  found  that  it  was  generally  impossible  to  produce  an 
apnoea  after  the  vagi  had  been  divided,  and  states  that  a  true  apnoea 
can  only  be  produced  when  the  vagi  are  intact.  However  ho  found 
that  the  breathing  was  in  all  cases  wcakcnod  and  ilattened  by  viMitila- 
tiou  after  division  of  the  vagi,  and  that  ho  could  on  two  occisions 
produce  a  real  apnoea  pause.  But  he  dismisses  these  apparent  excep- 
tions with  the  remark  that  apnoea  only  occurs,  after  division  of  the 
vagi,  when  the  irritability  of  the  centre  is  diminished  owing  either  to 
the  narcotic  or  to  the  fact  that  the  animal  has  been  experimented 
on  for  a  long  time.  But  it  is  a  priori  by  no  means  improbable  that 
the  very  fact  that  the  vagi  aro  divided  tends  either  directly  or  indirectly 
to  diminish  the  irritability  of  the  respiratory  centre. 

There  is  however  one  fundamental  difference  between  the  behaviour 
of  the  centre  before  and  after  division  of  the  vagi.  As  I  pointed  out  in 
the  previous  section  ventilation  with  hydrogen  is  able  to  abolish 
rhythmic  respiration  in  the  normal  animal.  Now  if  the  vagi  aro 
divided  the  only  effect  of  ventilation  with  hydrogen  is  the  production 
of  a  violent  dyspnoea.  The  inspirations  get  gradually  atrong(»r  jks 
ventilation  continues,  and  finally  the  experiment  is  ended  by  violent 
movements  of  the  whole  animal.  There  is  not  a  trace  of  the  gradual 
abolition  of  rhythmic  breathing  which  always  follows  the  first  few 
strokes  of  the  pump  in  the  normal  animal. 

But  if  air  is  used  to  periodically  inflate  the  lungs  both  inspirator)' 
contractions  and  expiratory  elongations  decrease  in  strength.  The 
inspiratory  tone  which  is  generally  present  after  the  vagi  have  been 
divided  grows  stronger,  owing  to  the  decrease  in  the  expiratory  elonga- 
tions, and  the  inspirations  become  shallow.  But  the  breathing  does  not 
"  follow  "  the  strokes  of  the  pump,  as  was  the  case  before  the  vagi  were 
divided  ;  the  respiratory  movements  remain  entirel}*  independent  of  the 
rhythm  of  ventilation  although  they  gradually  decrease  in  strength. 
After  some  40  sees,  of  rapid  ventilation  this  is  frequently  the  only  result 
produced.  But  under  certain  circumstances  both  inspirations  and  expira- 
tions decrease  in  strength  until  the  rhythm  disappears,  leaving  the 
diaphragm  in  a  condition  of  greater  or  less  tonic  contraction  (Curve  i, 
Plate  IX).  After  the  close  of  ventilation  the  muscles  remain  quiescent 
for  a  varying  time,  producing  an  apnoea  pause  which  is  characterised  by  a 
varying  amount  of  inspiratory  tone.    The  rhythmic  breathing  may  then 

^  MittheUang  iii.  Ueber  Apnoe, 
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bo  reestablished  by  a  gradual  increase  in  the  streDgth  of  the  inspirations 
and  expirations  In  fact  the  centre  sometimes  recovers  from  the  apnoea 
by  exactly  the  reverse  stages  to  those  by  which  it  became  apnocic. 
There  is  scarcely  room  for  doubt  that  the  muscles  are  rojilly  strongly 
contracted  during  the  apnoea  pause  after  examining  Curve  i,  Plate  IX, 
but  in  order  to  be  assured  of  the  fact  I  divided  the  phrenic  nerves 
during  a  similar  though  somewhat  stronger  apnoea  pause.  The  point  of 
the  lever  at  once  fell  4*5  cm.,  showing  that  the  tonic  contraction  was 
very  considerable. 

The  longer  the  vagi  have  been  divided  the  easier  it  becomes  to 
produce  an  apnoea  and  the  weaker  is  the  tonic  contraction  that  appears 
during  the  pause.  We  can  watch  the  gradual  decrease  in  the  tone  by 
resorting  to  apnoea  every  five  minutes  after  dividing  the  vagi.  The 
greatest  number  of  strokes  of  the  pump  are  required  immediately  after 
division,  but  the  tone  is  then  very  strong.  As  time  advances  fewer 
strokes  sufTice,  but  the  tone  is  much  weaker.  In  fact  we  often  find  that, 
as  time  goes  on,  it  gradually  becomes  possible  to  produce  an  apnoea 
even  in  those  animals  in  which  ventilation  failed  to  completely  abolish 
rhythmic  breathing  immediately  after  the  vagi  were  divided.  The 
normal  breathing  is  now  often  regained  in  a  somewhat  different  manner 
to  that  described  above.  After  the  pause  has  lasted  a  variable  time  the 
lever  l)CginR  to  riHc  slowly,  lliis  contnvctioii  of  the  inspinitory  muscles 
is  extremely  gi'adual  and  may  last  as  long  i\s  half  a  minute.  When  the 
curve  has  resichod  the  height  of  an  ordinary  inspiration  (after  division  of 
the  vagi)  the  muscles  elongate  quickly.  This  elongation  is  often 
incomplete,  and  we  frequently  find  that  the  tonic  contraction  which  may 
have  disappeared  before  the  ventilation  was  begun  has  now  reappeared. 
But  even  when  the  tone  does  not  reappear  it  is  noticeable  that  the 
inspiratory  contractions  which  follow  the  apnoea  last  considerably 
longer,  though  they  may  not  be  stronger  than  those  which  preceded  the 
ventilation. 

The  method  by  which  rhythmic  breathing  is  reestablished  aft^r  an 
apnoea,  when  the  vagi  are  divided,  is  very  variable  and  may  present 
many  modifications  of  the  two  extreme  types  that  I  have  described. 

It  is  scarcely  necessary  to  add  that  ventilation  consisting  of  periodic 
suctions  and  inflations  (compound)  produces  an  apnoea  in  every  case 
whore  it  can  be  produced  by  periodic  inflations.  But  it  is  interesting  to 
notice  that  in  those  ca.sca  where  an  apnoea  can  be  produced  with  ease 
negative  ventilation  is  also  sometimes  able  to  abolish  the  rhythmic 
breathing.    The  apnoea  is  however  in  all  cases   the   same  whatever 
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the  ventilation  may  be.  The  nature  of  the  ventilation  has  no  influence 
on  the  form  assumed  by  the  apnoea  as  was  the  case  before  the  vagi  were 
divided. 

How  arc  wo  to  explain  the  occurrence  of  apnooa  after  division  of  the 
vagi  ?     It  is  probably  not  due  to  the  stimulation  of  other  sensory  nerves, 
for  the  respiratory  movements  which  occur  during  the  time  ventilation  is 
being  carried  on  do  not  bear  any  relation  to  the  strokes  of  the  pump. 
Again,  it  is  possible  to  produce  an  apnoea  if  the  greater  part  of  the  wall 
of  the  thorax  be  removed  and  if  the  spinal  cord  has  been  divided 
between  the  sixth  and  seventh  cervical  vertebra.     It  appears  to  bear 
the  most  distinct  relation  to  the  condition  of  the  air  in  the  lungs,  and 
yot  after  the  recent  researches  of  Oad   and   others  wo  are  scarcely 
justified  in  assuming  that  it  is  due  to  the  over  oxydation  of  the  blooil. 
In  order  to  show  that  the  blood  wa,s  not  overloaded  with  oxygen  during 
the  apnoea  Qad'  devised  the  following  simple  experiment     He  cut 
away  part  of  the  chest  wall  of  a  rabbit  in  the  middle  line  and  watched 
the  colour  of  the  heart  during  normal  respiration.     This  can  be  easily 
done  in  a  rabbit,  for  the  anterior   mediastinum   is   so   large  that  a 
considerable  opening  can  be  made  in  the  chest  wall  without  causing 
the   lungs  to  collapse     Ventilation    was  now  begun   and   an   apnoea 
produced.     Now  Gad  noticed  that  even  during  complete  apnoea  the 
right  side  of  the  lieart  was  darkly  venous,  showing  that  at  any  rate  one 
half  of  the  blood  was  not  overloaded  with  oxygen.     But  as  far  as  I  can 
gather  the  vagi  were  still  intact  in  the  animal  on  which  he  ma^lo  this 
observation  and  the  apnoea  he  produced  was  therefore  probably  a  vagus 
apnoea.     I  therefore  repeated  his  experiment  after  dividing  the  vagi. 
If  some  time  has  elapsed  since  the  vagi  were  divided  the  blood  on  the 
left  side  of  the  heart  appears  to  be  somewhat  darker  than  in  a  normal 
animal.     A  few  seconds  after  ventilation  begins  the  left  side  of  the 
heart  gets  distinctly  redder,  and  just  before  the  rhythmic  breathing 
ceases  the  heart  appears  to  have  assumed  its  normal  bright  colour. 
The  right  side  of  the  heart  however  remains  dark  coloured,  even  at  the 
end  of  ventilation.     If  ventilation  is  now  stopped  the  left  side  of  the 
heart  gets  steadily  darker  during  the  apnoea  pause.     Just  before  the 
first  rhythmic  movement  appears  the  blood  on  the  left  side  of  the  heart 
appears  to  have  reached  a  quite  abnormal  degree  of  venocity.     The 
results  of  the  experiment  render  it  diflictilt  to  assume  that  the  blood  in 
the  whole  system  is  overcharged  with  oxygen  during  the  apnoea,  for 

»  Apnoe^  p.  3,  Wiirzburg,  1S80. 
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even  at  the  height  of  ventilation  the  right  side  of  the  heart  still 
remains  venous.  It  would  appear  as  if  the  blood  on  the  loft  side  of  the 
heart  was  permanently  below  the  normal  degree  of  oxydation  owing  to 
the  inefficient  raspiratory  movements  which  follow  division  of  the  vagi. 
Now  if  we  suppose  that  the  respiratory  centre  gradually  adapts  itself  to 
this  dyspnoeic  mixture  it  is  easy  to  see  how  ventilation  could  produce 
an  apnoea.  £ach  stroke  of  the  pump  improves  the  constitution  of  the 
atmosphere  in  the  lungs  and  thus  enables  the  blood  to  take  up  an 
increased  amount  of  oxygen  until  it  even  reaches  its  normal  oxydation. 
But  the  centre  is  adapted  to  a  mixture  containing  less  oxygen  and  thus 
even  normal  blood  will  now  appear  hypcrarterialised.  If  the  ventilation 
is  now  stopped  the  atmosphere  in  the  lungs  is  able  to  supply  the  blood 
with  oxygen  during  several  journeys  round  the  system,  for  rhythmic 
breathing  need  not  begin  until  the  air  in  the  lungs  has  become 
distinctly  ilyspnocic.  In  addititni  to  this  wo  muKt  bear  in  mind  that 
division  of  the  vagi  possibly  directly  lowers  the  iiritability  of  the 
respiratory  centre.  According  to  the  view  I  have  just  put  forwaixl 
the  blood  is  not  overloaded  with  oxygen  during  apnoea  following 
division  of  the  vagi;  but  partly  owing  to  direct  diminution  in  the 
vitality  of  the  centre  and  partly  owing  to  the  fact  that  it  has  become 
adapted  to  a  dyspnoeic  condition  of  the  blood  an  increase  in  the 
oxygen  of  the  blood  even  up  to  the  normal  amount  produces  an  , 
apnoea.  The  following  comparative  experiments  help  to  illustrate  the 
part  which  the  amount  of  air  in  the  lungs  plays  during  the  form 
of  apnoea.  After  dividing  the  vagi,  ventilation  was  applied  and 
apnoea  was  produced;  the  lungs  were  allowed  to  return  to  their 
normal  volume  after  the  ventilation  and  17  sees,  elapsed  before  the 
appearance  of  the  first  rhythmic  respiratory  movement.  Both  sides  of 
the  thorax  were  then  opened  and  the  same  number  of  strokes  of  the 
pump  a])plied.  But  at  the  close  of  ventilation  the  lungs  were  allowed  to 
collapse  completely,  and  the  pause  was  found  to  last  but  nine  sees.  After 
a  short  time  an  apnoea  was  again  produced  by  the  same  number  of 
strokes  of  the  pump,  but  the  lungs  were  inflated  above  their  normal 
volume  immediately  on  the  cessation  of  ventilation.  The  pause  in  this 
case  lasted  23  sees.  This  experiment  was  repeated  many  times  with  the 
same  result,  though  of  course  the  length  of  the  apnoea  pause  varied  in 
dilTcrent  animals.  Thus  when  the  lungs  wore  completely  collapsed  the 
apnoea  pause  lasted  nine  sees,  whilst  the  fact  that  the  lungs  were  inflated 
at  the  end  of  the  ventilation  served  to  prolong  the  pause  to  23  seca 
Thus  Qad's  statement  that  the  air  in  the  lungs  under  these  circum- 
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stances  is  able  to  supply  the  blood  with  oxygen  for  more  than  one 
journey  round  the  system  would  appear  to  be  confirmed,  and  this 
phenomenon  would  seem  to  be  one  of  the  most  important  causes  of  the 
apnoea  which  is  seen  after  division  of  the  vagi. 

It  is  interesting  to  notice  tliat  even  during  this  form  of  apnoea  tlio 
centre  is  sensitive  to  certain  stimuli.  If  chloroform  vapour  is  pjissed  up 
one  nostril  during  the  apnoea  pause  consisting  of  a  tonic  inspiratory 
contraction,  the  muscles  elongate  at  once.  In  fact  I  have  found  this  an 
excellent  method  of  estimating  the  amount  of  tone  which  really  exists 
during  the  apnoea  without  having  recourse  to  the  extreme  measure  of 
dividing  the  phrenics.  If  the  central  end  of  the  vagus  is  stimulated 
cloctrically  with  a  stimulus  just  sufficient  to  cause  an  active  expiration 
under  normal  conditions,  exactly  the  same  effect  is  produced  even  if  the 
stimulus  be  applied  during  the  apnoea.  If  the  stimulus  is  of  such 
a  strength  that  it  normally  produces  an  inspiratory  effect  we  can  scarcely 
expect  to  see  any  change  when  it  is  applied  during  an  apnoea  pause  con- 
sisting of  a  strong  inspiratory  tone.  But  if  it  is  applied  during  the  other 
form  of  apnoea,  in  which  the  muscles  are  almost  completely  elongated,  a 
distinct  rise  in  the  curve  is  produced,  showing  that  the  nuiscles  have 
contracted.  Although  the  contraction  does  not  reach  the  same  height 
as  if  the  stimulus  were  applied  during  rhythmic  breathing  it  is  sufficient 
to  prove  that  the  centre  is  still  irritable,  even  during  the  form  of 
apnoea  pause,  for  we  must  not  forget  that  this  expiratory  form  of 
a{)noea  does  not  appear  after  division  of  the  vagi  until  the  vitality 
of  the  centre  is  probably  considerably  lowered. 

Again,  it  is  easy  by  stinuilating  the  larynx  mechanicidly  or  chemi- 
cally to  produce  the  usual  movements  of  swallowing  accompanied  by 
elongation  of  the  diaphragmatic  muscles  even  though  the  centre  is 
apnoeic. 

To  sum  up  the  experiments  detailed  in  this  section — 

(1)  It  is  frequently  possible  to  abolish  rhythmic  respiration  and  to 
produce  an  apnoea  after  the  vagi  are  divided. 

(2)  The  form  assumed  by  the  apnoea  is  in  no  way  directly 
dependent  on  the  form  of  the  ventilation,  and  the  rhythmic  breathing 
during  ventilation  bears  no  relation  to  the  rhythm  of  the  pump. 

(3)  After  division  of  the  vagi  ventilation  with  hydrogen  only 
produces  a  violent  dyspnoea. 

(4)  The  forms  assumed  by  the  apnoea  are  very  various,  and  the 
presence  or  absence  of  a  tonic  inspiratory  contraction  seems  to  depend 
on  the  greater  or  less  vitality  of  the  respiratory  centre. 
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(5)  The  respiratory  centre  is  sensitive  during  the  apnoea  to  various 
stimuli,  such  as  the  application  of  chloroform  vapour  to  the  nasal  mucous 
membrane,  the  mechanical  or  chemical  stimulation  of  the  larynx,  and  (to 
a  variable  extent)  to  electrical  stimulation  of  the  central  end  of  the 
divided  vagi. 

(6)  This  apnoea  is  probably  not  caused  by  overarterialisation  of  the 
blood  but  rather  by  the  interaction  of  the  following  factors, — 

(a)  The  adaptation  of  the  respiratory  centre  to  a  certain  dyspnoeic 
condition  of  the  blood  in  consequence  of  the  inefficient  respirations 
which  follow  division  of  the  vagi.  This  would  cause  even  normally 
arteri.alised  blood  to  appear  over  oxygenated. 

{P)  The  decrease  in  the  vitality  of  the  respiratory  centre  which 
possibly  follows  division  of  the  vagi. 

(7)  The  fact  that,  after  ventilation,  when  the  vagi  are  divided,  the 
atmosphere  in  the  lungs  is  able  to  supply  the  bloixl  with  sufficient 
oxygen  during  a  very  considerable  period. 

§  11.     On  tlie  Summation  of  Stimuli  during   Ventilation  and  the 

Nature  of  the  Afteraction, 

We  concluded  above  that  when  the  vagi  were  intact  apnoea, 
wlu^thor  expiratory  or  inspiratory,  wtw  caused  by  the  summation  of 
certain  stimuli.  The  question  at  once  suggests  itself  where  does  this 
summation  of  stimuli  take  place  ?  Gad\  who  was  the  first  to  offer  this 
explanation  of  apnoea,  believed  that  the  stimuli  were  summed  in  the 
peripheral  end  organs  of  the  vagi.  He  produced  apuoea  by  a  known 
number  of  inflations  and  divided  the  vagi  during  the  apnoea  pause,  and 
states  that  the  pause  was  distinctly  shortened  by  this  operation.  I  have 
n^poaUul  this  ox|)mm(»nt  many  times  with  all  forms  of  apnoea  but  am 
unfortunately  unable  to  agree  with  Gad  that  the  pause  is  shortened  by 
dividing  the  vagi ;  indeed  in  certain  cases  it  appears  to  be  lengthened. 
But  these  experiments  are  interesting  from  another  point  of  view.  We 
saw  how  the  afteraction  of  the  ventilation  was  frequently  greatly 
hampered  by  the  alterations  in  the  volume  of  the  lungs  which  it  tended 
to  produce.  Now  if  the  summation  takes  place  in  the  respiratory 
centre  we  shall  be  able  to  observe  its  unhindered  activity,  if  the  vagi  are 
divided  without  stimulation  at  the  close  of  ventilation.  The  vagi 
remain  intact  during  the  ventilation  and  the  summation  takes  place  as 

^  Apnoe^  p.  10.    *'Die  BegaLirang  d.  normalen  Athmung,"  p.  28. 
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usual,  but  the  moment  it  is  complete  the  vagi  are  divided  and  hence- 
forth alterations  in  the  volume  of  the  lungs  cannot  affect  the  activity  of 
the  centre. 

No  form  of  apnoea  is  so  hampered  by  the  condition  of  the  lungs 
which  it  tends  to  produce  as  that  caused  by  negative  ventilation.  We 
therefore  find  that  division  of  the  vagi  at  the  close  of  ventilation 
considerably  modifies  the  form  assumed  by  this  apnoea.  On  Curve  ii, 
Plate  VI,  20  periodic  suctions  produced  a  very  inefficient  apnoea.  The 
muscles  elongated  quickly  when  ventilation  ceased  and  rhythmic 
breathing  began  again  after  but  a  few  seconds.  After  a  short  interval 
ventilation  was  again  applied  and  the  second  vagus  was  divided  at  the 
2l8t  stroke  of  the  pump.  Now  instead  of  elongating  the  muscles  began 
to  contract  still  more,  and  the  curve  rose  steadily  during  the  space  of 
14  sees.  (Curve  iv,  Plate  VI).  Then  followed  a  short  elongation  of  the 
inspiratory  muscles,  which  was  almost  at  once  cut  short  by  a  fresh 
contraction.  The  animal  now  became  extremely  unquiet  Now  this 
disturbance  (of  which  not  the  slightest  trace  had  previously  appeared), 
recalls  at  once  the  restlessness  produced  when  the  animal  h<as  breathed 
an  atmosphere  of  hydrogen  for  some  considerable  time  and  it  is 
probably  a  sign  of  great  dyspnoea.  As  soon  as  the  animal  became 
quiet  again  the  negative  ventilation  was  repeated  but  even  after  41 
strokes  of  the  pump  no  apnoea  could  be  produced.  Thus  by  dividing 
the  vagi  at  the  close  of  ventilation  we  have  been  able  to  convert  a 
feeble  inspiratory  apnoea  lasting  at  the  most  two  sees,  into  a  steady 
contraction  of  the  inspiratory  muscles  which  lasted  14  sees. 

When  discussing  the  inspiratory  apnoea  produced  by  periodic  infla- 
tions when  one  lung  had  been  allowed  to  collapse  completely,  I  pointed 
out  that  in  this  case  the  inspiratory  afteraction  was  compamtively 
little  hampered  by  alterations  in  the  volume  of  the  lungs.  But  here 
again  we  find  that  division  of  the  vagi  at  the  close  of  ventilation  almost 
doubles  the  duration  of  the  apnoea  and  converts  an  almost  horizontal 
curve  into  a  slowly  increasing  couti*action  of  the  inspiratory  nuiscles  (cf. 
Curves  v  and  vi,  Plate  VI). 

I  pointed  out  above  that  the  apnoea  produced  by  positive  ventila- 
tion varied  between  two  types.  Curve  iv,  Plate  VIII,  is  a  good 
instance  of  an  apnoea  pause  accompanied  by  complete  elongation 
of  the  inspiratory  muscles.  The  left  vagus  was  divided  and  ventilation 
consisting  of  15  inflations  sufliced  to  produce  an  apnoea  pause  lasting 
six  seconds.  This  pause  was  finally  broken  by  a  minute  inspiration  and 
10  seconds   elapsed  before   rhythmic  breathing   was   completely   re- 
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established.  After  a  short  interval  the  drum  was  again  set  in  motion 
and  ventilation  was  begun.  At  the  twelfth  inflation  the  right  vagus 
was  divided.  A  pause  followed  which  lasted  4|  seca  (Curve  iii,  Plate 
YIII).  The  inspiratory  muscles  then  began  to  contract  just  as  in 
the  previous  case.  But  both  vagi  are  divided  and  expansion  of  the 
lungs  no  longer  checked  the  inspiratory  activity  of  the  centre.  The 
muscles  therefore  did  not  relax  but  continued  to  contract  steadily  for 
14^  sees.  This  strong  inspiratory  contraction  was  followed  by  a  complete 
elongation,  and  the  breathing  settled  down  into  the  type  so  often  seen 
after  division  of  the  vagi.  Ventilation  was  now  begun  again  but  after 
25  strokes  of  the  pump  rhythmic  breathing  still  continued,  although 
in  a  diminished  form.  Now,  in  this  case  at  any  rate,  the  afteraction 
still  affected  the  respiratory  centre  even  after  the  vagi  were  divided. 
For  considering  that  twice  as  many  strokes  of  the  pump  failed  to 
produce  an  apnoea  pause  after  the  vagi  were  divided  it  is  very  unlikely 
that  the  pause  which  followed  the  division  of  the  vagi  at  the  close 
of  ventilation  was  due  to  the  increased  oxydation  of  the  blood.  As  we 
have  already  seen  division  of  the  vagi  in  the  normal  animal  produces 
a  strong  inspiratory  contraction,  and  it  is  interesting  to  notice  how  the 
last  remains  of  the  afteraction  of  the  ventilation  modify  this  inspira- 
tion. Normally  division  of  the  vagi  is  followed  by  the  appearance  of  a 
quick  strong  inspiration  lasting  four  or  five  seconda  But  when  the 
vagi  are  divided  at  the  close  of  positive  ventilation,  the  contraction 
which  follows  the  apnoea  pause  is  slow  and  gradual  and  lasts  14  sees. 
Thus  the  fact  that  positive  ventilation  has  preceded  the  division 
of  the  vagi  appeal's  to  increase  the  duration  of  the  first  inspiration  four 
or  five  times.  The  slowness  of  the  contraction  is  probably  due  to 
the  remains  of  the  afteraction  which  still  tends  somewhat  to  depress 
the  inspii-atory  iiotivity  of  the  centre ;  for  the  afteraction  is  probably 
still  exerting  some  influence  on  the  centre  even  though  the  apnoea 
pause  is  broken  by  an  inspiratory  contraction. 

Elxactly  the  same  phenomenon  appears  with  great  clearness  in 
those  cases  in  which  positive  ventilation  produces  a  slow  contraction  of 
the  inspiratory  muscles  in  place  of  a  pause.  Curve  i,  Plate  YIII, 
is  a  good  instance  of  this  type  of  apnoea.  As  soon  as  the  ventilation 
ceases  the  inspiratory  muscles  begin  to  contract  slowly.  Ten  seconds 
after  the  close  of  ventilation  the  first  expiratory  elongation  appears  and 
rhythmic  breathing  is  slowly  regained  by  an  increase  in  the  strength, 
but  decrease  in  the  duration,  of  the  inspirations.  After  a  pause,  positive 
ventilation  is  again  started  and  the  left  vagus  Ls  frozen  at  the  19th 
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stroke  of  the  pump.  Ventilation  is  stopped  after  26  inflations  and  the 
riglit  vagiis  is  at  once  placed  on  the  freezing  apparatus  (Curve  ii,  Plate 
VIII).  The  apnoea  pause  begins  just  as  before  though  the  muscles 
contract  slightly  less  rapidly.  However,  10  seconds  after  the  cessation 
of  ventilation  they  have  apparently  reached  almost  exactly  the  same 
amount  of  contraction  as  in  the  normal  animal.  But  instead  of 
elongating  they  continue  to  contract;  for  the  change  in  volume  of 
the  lungs  is  no  longer  able  to  affect  the  centre.  The  curve  there- 
fore rises  to  a  point  far  above  the  crests  of  the  normal  inspirations, 
and  the  first  expiratory  elongation  does  not  appear  until  25  seconds 
after  the  cessation  of  ventilation.  We  now  see  the  effect  that  would  be 
produced  by  the  slow  contraction  of  the  inspiratory  muscles  which 
sometimes  follows  positive  ventilation,  provided  it  were  not  hampered 
by  the  expansion  of  the  lungs.  The  first  part  of  the  curve  is  almost 
exactly  the  same  in  both  cases,  but  whereas  the  contraction  is  checked 
iD  the  normal  animal  after  10  sees.,  it  continues  to  increase  for  more 
than  twice  this  time  if  the  vagi  are  divided.  Here  again  the  fact  that 
periodic  inflations  of  the  lungs  preceded  division  of  the  vagi  seems  to 
enormously  incrcjiso  the  inspiratory  activity  of  the  centre. 

It  is  sometimes  possible  to  produce  an  apnoea  pause  after  the  vagi 
have  been  divided  with  the  same  number  of  strokes  of  the  pump  as 
were  required  to  produce  apnoea  in  the  normal  animal.  But  in  such  a 
case,  apnoea  before  and  after  division  of  the  vagi  were  very  different 
in  character.  After  division  the  apnoea  pause  was  characterised  by  a 
moderately  strong  inspiratory  tone  which  was  considerably  weaker  than 
that  produced  by  negative  ventilation  and  was  very  different  from  the 
complete  relaxation  of  the  inspiratory  muscles  which  followed  positive 
ventilation.  Now  in  such  a  case  as  this,  if  the  periodic  stimuli  undergo 
summation  in  the  end  organs  of  the  vagi,  it  is  difficult  to  understand 
why  the  breathing  does  not  assume  the  form  of  a  blood  apnoea 
immediately  the  vagi  are  divided.  That  is  to  sjiy,  we  should  expect 
that,  when  the  vagi  were  divided  during  the  apnoea,  the  inspinitory 
muscles  would  at  once  contract  to  the  same  extent  as  during  the 
blood  apnoea.  But  this  is  by  no  means  the  case,  and  in  the  experi- 
ment in  question  the  muscles  remained  in  a  condition  of  complete 
elongation  even  longer  than  normal  though  the  vagi  had  been  divided 
at  the  close  of  ventilation. 

When  the  vagi  are  divided  at  the  close  of  compound  ventilation  the 
apnoea  is  very  markedly  prolonged.  On  Curve  i,  Plate  VII,  compound 
ventilation  produced  but  an  insignificant  pause  lasting  but  four  sees.     I 
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have  purposely  chosen  this  experiment  for  it  very  distinctly  shows  the 
way  in  wliich  the  expansion  of  the  lungs  tends  to  influence  even  the 
apnoea  of  compound  ventilation.  The  same  ventilation  was  now  repeated 
and  one  vagus  was  divided  at  about  the  14th  stroke  of  the  pump,  the 

other  at  the  close  of  ventilation.  The  muscles  now  remained  in  steady 
tonic  contraction  for  10  seconds  (Curve  ii,  Plate  VII).  The  rhythmic 
breathing  was  then  regained  by  an  increase  in  the  strength  both  of  the 
ins})irations  and  expirations.  Thus  the  division  of  the  vagi  at  the  close 
of  ventilation,  far  from  cutting  short  the  apnoea,  converted  a  short  and 
feeble  pause  into  a  steady  apnoea  of  twice  the  length.  In  this  case 
again  the  same  number  of  strokes  of  the  pump  were  unable  tp  cause 
apnoea  after  the  vagi  were  divided. 

The  experiments  in  the  section  would  seem  to  show 

(1)  That  whatever  the  form  assumed  by  the  ventilation  the  periodic 
stinuili  undergo  summation  in  the  respiratory  centre  and  not  in  the 
peripheral  end  organs  of  the  vagi. 

(2)  If  the  vagi  are  divided  at  the  close  of  ventilation  it  is  possible 
to  watch  the  effect  produced  by  the  afteraction  when  unhampered  by 
afferent  impulses  from  the  lungs. 

§  12.     On  Adaptatian  and  ike  Phenomena  whidi  accompany  it 

It  is  extremely  important  to  know  what  effect  is  produced  on  the 
breathing  when  one  or  both  )ungs  remain  permanently  at  the  same 
volume,  whether  above  or  below  the  normal.  But  when  we  were  dis- 
cussing the  phenomena  which  follow  inflation  or  collapse  of  the  lungs, 
I  pointed  out  that  the  results  were  always  complicated  by  dyspnoea.  If  for 
instance  the  lungs  are  inflated  the  trachea  must  remain  closed  during 
the  whole  duration  of  the  inflation  and  the  air  in  the  lungs  must 
stagnate.  Moreover  the  stimulation  of  the  vagi  caused  by  the  inflation 
produces  a  cessation  of  rhythmic  breathing  lasting  some  20  sees.  This 
again  helps  to  prevent  the  renewal  of  the  air  in  the  lungs.  During  all 
this  time  the  blood  is  becoming  increasingly  dyspnoeic  and  it  is  less 
and  less  possible  for  the  centre  to  react  in  a  normal  manner.  Thus  if 
we  wish  to  examine  the  changes  in  the  activity  of  the  respiratory  centre 
pr*Mluccd  by  allowing  the  lungs  to  remain  permanently  at  a  certain 
vohnne  it  is  necessary  to  find  some  means  of  eliminating  the  dyspnocik 

I  have  succeeded  in  overcoming  this  difficulty  in  the  following 
manner.  A  cannula  was  constructed  on  the  principle  of  Marey's 
Cardiac  sounds.     A  fine  tube  (see  figure  A)  was  so  bent  that  it  could  be 
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passed  with  ease  down  the  trachea  into  the  right  bronchus.  Tu  this 
tube  was  soldered  a  still  fioer,  tube  which  was  slightly  shorter  and  opened 
freely  just  below  the  bend.     A  piece  of  tliin  indianibber  tubing  was 
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passed  over  the  far  end  of  both  tubes  and  tied  firmly  at  the  bend  and 
at  the  extreme  end  of  the  lai^r  tube-  The  smaller  tube,  which  is 
shorter  than  its  fellow,  now  opens  into  a  chamber  formed  by  the  india- 
rubber  tubing,  and  fluid  forced  down  tlie  smaller  tube  will  distend  the 
walls  of  this  chamber.  The  larger  tube  on  the  other  hand  passes  riglit 
through  the  chamber  and  opens  freely  beyond  it.  If  this  cannula  is 
passed  down  the  trachea  (see  figure  B)  into  the  right  bronchus  distension 
of  the  indiarubber  chamber  will  shut  off  the  right  lung  entirely  except 
for  the  opening  afforded  by  the  larger  tube  of  the  cannula.  But  advent 
of  air  to  the  loft  lung  will  not  in  any  way  be  hindered,  for  it  is  easy 
to  arrange  the  size  of  the  cannula  so  that  when  it  is  in  position  at  least 
half  of  the  trachea  remains  perfectly  free.  A  piece  of  brass  tubing, 
with  a  wide  bore,  is  attached  to  the  cannula  at  such  a  height  that  when 
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the  indiarubbcr  bag  lies  in  the  right  bronchus  the  divided  trachea  just 
slips  oyer  the  end  of  the  tube.  A  thread,  passed  round  the  trachea 
below  the  opening,  is  then  tied  firmly  round  the  whole  apparatus  just  as 
if  an  ordinary  tnu^hcal  cannula  hail  been  inserted  into  the  windj»ipc. 
By  this  means  the  trachea  is  kept  open  and  the  cannula  remains  in  its 
proper  position.  It  is  now  possible  to  apply  ventilation  to  the  left 
lung,  without  affecting  the  right  lung,  by  connecting  the  mouth  of  this 
wide  brass  tube  with  the  tubes  from  the  pump.  I  have  found  it  best 
to  inflate  the  indiarubbcr  chamber  with  glycerine  by  means  of  a  stiff 
syringe,  which  is  connected  with  the  smallest  tube  of  the  cannula  by 
means  of  a  piece  of  nondistensible  but  elastic  catheter  tubing. 

The  riglit  side  of  the  thorax  is  opened  and  the  lung  allowed  to 
collapse  completely.  The  effect  of  the  collapse  gradually  wears  off  and 
the  animal  breathes  rhythmically  though  it  is  somewhat  dyspnoeic.  If 
the  left  vagus  is  now  divided  and  c;vch  vagus  only  supplies  the  lung  of 
its  own  side  an  alteration  in  the  volume  of  the  left  lung  will  no  longer 
directly  affect  the  action  of  the  respiratory  centre.  If  the  cannula  is  now 
inserted  into  the  right  bronchus  and  the  indiarubber  chamber  be 
inflated,  we  are  able  to  distend  the  right  lung  without  affecting  the 
volume  of  the  left  lung.  Moreover  the  volume  of  the  right  lung  remains 
unchanged  no  matter  what  respiratory  movements  the  animal  may  make, 
fur  the  right  liaif  of  the  thorax  is  freely  open.  I^ut  although  the  left 
lung  is  perfectly  open  to  the  air  inflation  of  the  right  lung  produces 
such  a  long  standstill  in  the  breathing  that  the  animal  of  necessity 
becomes  dyspnoeic.  Ventilation  is  therefore  kept  up  continuously  on 
the  left  side  all  through  the  experiment  whether  the  animal  is  breathing 
rhythmically  or  not.  Thus  one  lung  remains  at  a  constant  volume 
whilst  the  air  in  the  other  is  kept  of  a  constant  composition.  If  the 
vngi  do  not  cross  this  ventilation  docs  not  in  any  way  directly  affect  the 
activity  of  the  respiratory  centre,  for  the  left  vagus  (supplying  the  lung 
which  is  periodically  inflated)  h«*«  been  divided  before  the  experiment 
began.  Now  we  might  suppose  that,  even  if  the  vagi  did  not  cross, 
ventilation  would  still  produce  an  apnoea  such  as  is  seen  after  division 
of  the  vagi.  However,  as  far  as  my  experience  goes,  this  is  never  the 
case,  it  may  bo  that  ventilation  of  one  lung  only  is  not  Hufllcient  to 
pro<luce  au  apnoea;  or  perhaps  the  fact  that  one  vagus  is  still  intact 
prevents  the  vitality  of  the  centre  sinking  to  a  point  sufficient  for  the 
production  of  a  blood  apnoea.  Whatever  the  cause  may  be,  the 
breathing  remains  steadily  rhythmic  during  the  whole  duration  of  the 
ventilation  of  the  left  lung,  provided  the  vagi  do  not  cross  at  all.     Now 
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it  is  extremely  important  for  these  experiments  to  know  whether  the 
vagi  cross  or  not.  Luckily  we  possess  a  very  simple  test,  for  if  the  vagi 
cross  sufiBciently  to  affect  the  breathing,  closure  of  the  trachea  in  the 
expiratory  phase,  after  the  cannula  is  in  situ,  must  prodticc  the  usual 
strong  inspiratory  changes.  Tlie  amount  of  the  change  will  Ikj 
dependent  on  the  extent  to  which  the  vagus  of  the  right  side  supplies 
the  left  lung.  Again,  if  the  vagi  cross,  even  slightly,  the  breathing 
gradually  takes  up  the  rhythm  of  the  strokes  of  the  pump,  and  if  the 
crossing  is  considerable  an  apnoea  gradually  appears.  Any  animal  in 
which  these  phenomena  appear  is  therefore  useless  for  the  experiments 
I  shall  now  describe. 

Now  after  we  have  assured  ourselves  that  the  vagi  do  not  cross, 
compound  ventilation  is  started  on  the  left  side  of  the  thorax  and  the 
animal  breathes  rhythmically  without  any  signs  of  dyspnoea  although 
the  right  lung  is  collapsed.  The  right  lung  is  now  inflated  through  the 
cannula  which  has  beeti  passed  into  the  right  bronchus.  All  rhythmic 
breathing  at  once  ceases  as  usual.  But  the  ventilation  now  keeps  the 
air  in  the  left  lung  in  exactly  the  same  condition  as  if  the  animal  was 
breathing  rhythmically  and  the  blood  no  longer  beoonios  dyspnooic.  The 
pause  in  the  breathing  may  be  broken  after  a  ceHain  interval  by 
rhythmic  inspirations,  but  I  shall  first  describe  a  case  where  this  did  not 
occur  not  because  it  is  the  rule  but  because,  when  rhythmic  movements 
appear,  they  are  simply  superposed  on  the  phenomena  now  to  be 
described.  After  the  pause  has  lasted  10 — 15  sees,  the  lever  begins  to 
rise  very  slowly  in  consequence  of  a  slow  tonic  contraction  of  the  dia- 
phragm (cf.  Curve  v,  Plate  VII).  ^The  contraction  increases  very  gradually, 
and  it  finally  remains  stationary,  the  lever  tracing  a  horizontal  line  at  a 
variable  height  above  the  base  line.  If  the  right  lung  still  remains  at 
the  same  volume  extremely  small  oscillations  appear  on  the  curve,  which 
gradually  increase  in  strength  (Curve  v,  Plate  VIII).  This  is  the  begin- 
ning of  rhythmic  respiration.  The  muscles  elongate  and  contract  with 
ever  increasing  strength  until  regular  rhythmic  breathing  is  reesUiblishod 
in  spite  of  the  fact  that  the  right  lung  is  still  considerably  above  the 
normal  volume. 

The  results  which  follow  the  inflation  of  the  collapsed  lung  generally 
differ  somewhat  from  this  type ;  for  the  pause  is  mostly  broken  sooner 
or  later  by  an  inspiration  (cf.  Curve  vi,  Plate  IX).  This  inspiratory 
contraction  is  strong  and  quick  and  traces  a  sharp  crested  curve.  It  is 
followed  by  a  second  pause,  which  is  broken  by  a  second  inspiration. 
But  it  is   a  curious   fact   that  this    inspiration   is   smaller   than   its 


REGULATION  OF  RESPIRATION.  67 

predecessor.  Each  pause  is  now  shorter  and  each  inspiration  smaller 
than  the  one  which  preceded  it  But  the  diaphragm  has  now  begun  to 
fall  into  the  condition  of  slow  tonic  contraction  which  I  have  just 
dcscrilKxI.  The  ever  decreasing  rhythmic  inspirations  are  therefore 
superposed  on  a  steadily  increasing  tonic  contraction  of  the  inspiratory 
muscles.  Rhythmic  breathing  then  disappears  entirely  and  the  rest  of 
the  curve,  including  the  reestablishment  of  the  rhythmic  breathing, 
is  exactly  similar  to  the  type  I  described  above  in  which  the  pause  was 
not  interrupted  at  all  by  rhythmic  inspirations. 

Thus  it  appears  that  if  the  right  lung  is  kept  permanently  above 
the  normal  volume,  the  centre  gradually  adapts  itself  to  the  altered 
volume  in  a  very  peculiar  manner  and  rhythmic  breathing  begins 
again. 

If  we  wait  until  the  animal  breathes  regularly  in  spite  of  the  disten- 
sion of  the  right  lung  and  then  allow  the  lung  to  return  to  the  volume 
which  it  normally  occupied  or  to  collapse  completely,  a  strong  inspiratory 
couti-action  appeal's.  The  muscles  contract  quickly  and  the  rhythmic 
breathing  disappears  or  becomes  very  small.  After  a  few  seconds  the 
rhythmic  breathing  becomes  stronger  but  a  considerable  amount  of  tonic 
contraction  still  remains.  Finally,  after  a  certain  length  of  time  all  tone 
has  disappeared  and  the  breathing  presents  all  the  characteristics  of 
iioniial  rliyl.hmic  roHpiration  although  the  right  lung  is  now  either 
cullapscd  or  much  diminished  in  volume. 

If  the  right  lung  is  allowed  to  collapse  completely  when  the  tonic 
contraction  which  appears  during  the  inflation  is  at  its  height,  this 
tonic  contraction  is  still  further  increased  (Curve  vi,  Plate  IX).  The 
curve  rises  still  further,  and  after  a  considerable  interval  the  small 
oscillations  make  their  appearance,  marking  the  advent  of  rhythmic 
n*s|>inikion.  Wo  might  have  expected  that  collapse  of  the  lungs  at  the 
height  of  the  tonic  contniction  which  appears  during  the  inflation  would 
have  caused  rhythmic  breathing  to  begin  at  once.  But  as  a  matter  of  fact 
the  collapse  rather  retards  than  hastens  the  appearance  of  rhythmic 
respiration. 

If  on  the  other  hand  the  lung  is  allowed  to  collapse  very  slowly,  at 
the  same  point  in  the  experiment,  the  tonic  cpntraction  does  not  increase 
but  the  lever  continues  to  trace  a  horizontal  line  (Curve  v,  Plate  VII). 
The  muscles  remain  contracted  to  the  same  extent  for  about  10  sees, 
after  the  right  lung  had  completely  collapsed  and  rhythmic  breathing 
then  began  in  the  usual  manner.  Thus  here  again  we  see  the  difference 
between  a  sudden  collapse  of  the  lungs  and  a  very  gradual  return  to  the 
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normal  volume.  The  former  produces  a  strong  inspiratory  effect,  whilst 
the  latter  produces  scarcely  any  change  in  the  respiratory  curve. 

These  experiments  are  obviously  open  to  many  sources  of  error. 
After  all  the  technical  preparations  for  the  experiment  have  been 
successfully  made  we  still  have  to  assure  ourselves  that  the  right  vagus 
does  not  supply  the  left  lung.  If  the  breathing  shows  a  tendency  to  take 
up  the  rhythm  of  the  ventilation  or  if  closure  of  the  trachea  in  the 
expiratory  phase  produces  the  slightest  effect  on  the  breathing  after  the 
cannula  is  in  situ,  the  animal  must  be  rejected  as  unfit  for  these  experi- 
ments. It  is  therefore  impossible  to  repeat  such  experiments  as  these 
with  the  ease  and  certainty  with  which  we  can  prodtice  the  other 
phenomena  described  in  this  paper. 

Even  when  everything  has  succeeded  we  have  to  make  quite  sure 
that  the  lung  has  not  collapsed  slowly  during  the  long  inflatiod.  The 
opening  in  the  right  side  of  the  thorax  should  therefore  be  made  large 
enough  to  leave  the  expanded  lung  room  and  to  allow  the  experimenter 
to  see  at  a  glance  if  it  still  remains  at  the  original  volume.  But  this 
control  is  very  rough.  However,  do  not  I  think  it  likely  that  this  error 
can  have  crept  into  the  experiments  I  have  just  cited  for  the  following 
reason.  In  all  cases  a  strong  inspiratory  effect  was  produced  by  opening 
the  tube  in  connection  with  the  inflated  right  lung.  Now  if  the  lung  had 
gradually  collapsed  during  the  duration  of  the  inflation,  it  is  difficult  to 
see  how  opening  a  free  passage  to  the  lung  could  produce  any  effect 

Again,  the  ventilation  must  not  be  too  strong.  For  if  the  periodic 
alterations  in  the  volume  of  the  left  lung  are  too  great  or  if  the  opening 
on  the  right  side  of  the  thorax  be  too  small,  every  inflation  of  the  left 
lung  causes  it  to  press  on  the  inflated  right  lung.  Thus  at  every  stroke 
of  the  pump  the  right  lung  is  diminished  in  volume  owing  to  the 
pressure  of  the  expanded  left  lung,  and  the  breathing  gradually  becomes 
synchronous  with  the  ventilation.  This  source  of  error  may  be  avoided 
by  making  a  wide  opening  on  the  right  side  of  the  thorax,  by  carefully 
regulating  the  ventilation  and  by  not  inflating  the  right  lung  too 
violently. 

These  experiments  would  seem  to  show — 

(1)  That  if  the  animal,  is  breathing  rhythmically  the  first  effect  of  a 
permanent  increase  or  decrease  in  the  volume  of  the  lungs  is  to  cause 
the  abolition  of  rhythmic  breathing.  If  the  lungs  arc  inflated  the 
inspiratory  muscles  remain  in  a  condition  of  complete  elongation ;  if  on 
the  other  hand  they  are  diminished  in  volume  the  inspiratory  muscles 
fall  into  a  condition  of  tonic  contraction. 
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(2)  But  in  either  case,  provided  the  adveut  of  dyspnoea  is  averted, 
the  centre  ultimately  adapts  itself  to  the  permanently  increased  or 
diminished  volume  of  the  lungs  and  the  breathing  again  becomes 
rhythmic.  In  the  case  of  a  permanent  inflation  this  redevelopment  of 
rhythmic  breathing  is  preceded  by  a  peculiar  slow  tonic  contraction  of 
the  diaphragm. 

(3)  As  soon  as  this  adaptation  has  taken  place  the  *' normal"  volume 
or  zero  is  found  to  be  altered.  For  instance,  let  us  assume  that  the 
centre  has  become  adapted  to  a  certain  volume  A.  The  lung  is  then 
inflated  to  a  volume  B,  We  now  find  that  as  soon  as  the  centre 
has  become  adapted  to  the  volume  B  collapse  to  the  volume  A  which 
previously  produced  no  effect  upon  the  centre  acts  as  a  strong  inspiratory 
8timulu& 
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Plate  I. 

Curve  L  The  uppermost  line  of  the  curve  is  traced  by  a  control 
lever  attached  to  the  chest  wall  of  the  rabbit  as  described  on  p.  4. 

The  middle  curve  is  traced  by  the  lever  of  a  Marey's  tambour.  This 
tatiibour  is  in  oonucctiou  with  a  largo  ikisk  iiilo  tliu  mXivA  of  wliich  a  cannula 
is  fixed,  which  is  tied  directly  into  the  tnvchoa  of  the  rabbit. 

The  lowest  curve  is  tnicod  by  Iho  iiioiuoiits  of  the  anterior  8li|K}  of  the 
diaphragm  soparated  aod  prepared  aocordiug  to  the  description  on  p.  4. 

At  the  point  marked  with  a  cross  the  left  vagus  was  placed  upon  the 
freezing  apparatus.  This  curve  illustrates  the  effect  produced  by  dividing  one 
vagus  in  a  narcotised  but  otherwise  normal  animal. 

Curve  IJ.     Follows  on  Curve  T  after  the  interval  of  30  sec. 

It  shows  the  effect  pi*oduced  by  freezing  the  second  vugus  in  the  same 
Animal.  Dining  the  firab  few  respimtions  after  division  of  both  nerves 
the  expiratory  elongations  are  incomplete. 

Curve  IIL     Follows  on  Curve  II  after  an  interval  of  one  minute. 

The  left  phrenic  nerve  was  divided  in  the  neck  at  the  point  marked 
on  the  curve  by  a  cross.  The  left  side  of  the  diaphragm  and  with  it  the  left 
muscular  slip  is  inimcdiaitely  panilyscd  and  the  whole  level  of  the  curve  sinks. 
The  curve  traced  by  the  level  attached  to  the  chest  wall  remains  unaltered. 

Curve  IV.     Follows  on  Curve  III  after  the  interval  of  30  sees. 

At  the  point  on  the  curve  marked  with  a  cross  the  right  phrenic  nerve 
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was  divided  in  the  neck  and  the  lowest  curve  ttaced  by  the  lever  in  oonnectioh 
with  the  anterior  slips  of  the  diaphragm  becomes  practically  n  straight  line. 
It  now  corresponds  exactly  with  the  curve  traced  by  the  control  lever  attached 
to  the  chest  wall. 

Curve  V.  Taken  from  a  rabbit,  weight  1550  grm.  narcotised  with  \\  gnn. 
Ohloral  Hydrate  (Hypodermic  Injection). 

The  me<lulla  oblongata  was  separated  from  the  brain  above  the  striae 
acousticae  and  the  left  vagus  had  been  divided.  At  the  point  on  the  curve 
marked  with  a  cross  the  right  vagus  was  frozen.  The  curve  shows  the 
immenso  inspiratory  contractions  thus  praducod. 

Curve  VI.  From  a  rabbit  weight  2000  grm.  narcotised  with  l^gnii.  of 
Chlonil  Hydrate  (IIy[)odoruiic  Injection). 

The  middle  curve  is  traced  by  the  writing  ^loint  of  a  merciiry  manometer 
in  connection  with  the  carotid. 

Both  vagi  were  frozen  and  at  once  removed  from  the  freezing  apparatus. 
An  inflation  of  the  lungs  was  now  found  to  produce  no  change  in  the 
breathing  owing  to  complete  interruption  of  conducting  power  in  the  vagL 

After  an  interval  of  10  min.  an  inflation  was  found  to  produce  the  i>GCuIiar 
inspiratory  effect  scon  on  this  curve. 

Curve  YII.  The  right  phi*enic  nerve  was  dissected  out  in  the  neck  and 
stimulated  electrically. 

The  first  stimulation  began  at  the  height  of  an  inspiratory  contraction  and 
ended  just  before  a  normal  inspiration  had  reached  its  full  strength.  The 
difierence  between  the  rate  of  contraction  and  elongation  of  the  muscles 
during  a  normal  respiratory  movement  and  during  a  contiuction  induced  by 
stimulation  of  the  phrenic  nerve  is  very  evident 

The  second  stimulation  of  the  phrenic  began  and  ended  in  the  expiratory 
period. 

Two  lines  are  drawn  upon  the  curve  to  represent  the  curve  traced  by  the 
up  and  down  movements  of  Uie  lever  when  the  drum  is  at  rest. 

Curve  VIII.  Shows  the  efiect  produced  by  closing  the  trachea  during 
the  expiratory  pause. 

The  ti-achea  was  suddenly  closed  at  the  point  marked  with  a  cross  (-»-)  and 
was  opened  again  at  the  point  marked  with  a  circle  (O). 

Curve  IX.  Shows  the  efiect  produced  by  closing  the  trachea  at  the 
height  of  the  inspiratory  period. 

The  trachea  was  suddenly  closed  at  the  |x>int  marked  with  a  ci-oss  ( +  ) 
and  was  opened  again  at  the  point  marked  with  a  circle  (O). 

Curve  X.  Is  selected  to  show  the  typical  activity  of  the  inspiratoir 
muscular  slips  during  respiration. 
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Tho  Biightly  curvod  lines  saporposod  u[k>u  tUo  otirvo  ropi*oRcnl  iho  curvos 
traced  bj  the  lever  when  tlie  dram  is  at  rest. 

• 

Curve  XI.  The  uppermost  of  the  three  curves  is  traced  by  the  control 
lever  attached  to  the  chest  wall. 

The  dotted  middle  curve  shows  the  movements  of  a  mercury  manometer 
connected  with  tho  trachea.  When  the  lungs  are  inflated  the  manometer 
registers  the  rise  of  pressure  and  serves  as  a  time  marker  and  also  as  a  useful 
guard  against  too  violent  inflation. 

Tlic  lowest  curve,  traced  by  the  movements  of  the  muscular  slii)s,  shows 
the  effect  produced  by  an  inflation  of  tho  lungs  when  the  expiratory  period  is 
incomplete  and  a  certain  amount  of  tonic  inspiratory  contraction  is  present 
even  during  rhythmic  respirations.  This  condition  was  produced  by  admitting 
a  small  amount  of  air  into  the  right  side  of  tho  thorax  (slight  pneumothorax). 

During  the  first  three  respirations  on  this  curve  the  expiratory  pause  is 
:disi*iib  and  cacli  inspinitiou  In^gins  l»r.fi>ro  tho  inspii-atory  muscles  have 
completely  relaxed.  The  gentle  inflation  (at  the  iK>int  marked  with  a  cross) 
first  causes  the  cessation  of  rhythmic  inspiration  and  then  the  gradual 
abolition  of  the  permanent  inspiratory  tone,  as  shown  by  the  slow  fall  of  the 
lever.  As  soon  as  the  lungs  were  allowed  to  collapse  a  strong  tonic 
inspiration  is  produced  lasting  nearly  two  seconda  Even  when  rhythmic 
breathing  begins  again  the  expiratory  elongations  ai*e  very  incomplete. 

Curve  XIT.  This  curve  was  traced  by  a  Icvor  which  described  a  vertical 
lino  when  the  drniii  wsus  at  rvnt. 

The  right  vagus  has  been  divided  and  tlic  left  side  of  tho  thorax  opened. 
In  those  cases  whore  each  vagus  is  distributed  only  to  the  lung  of  its  own  side 
no  effect  is  produced  by  closing  the  trachea  in  the  various  phases  of 
respiration.  The  present  curve  was  however  taken  from  an  animal  where 
these  conditions  were  not  fulfilled  and  shows  the  peculiar  result  produced  by 
closing  the  trachea  in  the  expiratory  phase.  Not  only  are  the  rhythmic 
ins[>ii-ations  increased  in  strong tli  as  on  Curve  YIII  but  a  certain  amount  of 
inspiratory  tone  appears  between  the  inspiratory  contractiona 

Curve  XIII.  Shows  the  effect  produced  by  a  long-continued  inflation  of 
the  lungs.  The  inflation  began  at  the  point  marked  with  a  cross  (-»-)  and  the 
lungs  returned  to  their  normal  volume  at  the  point  marked  with  a  circle  (O)* 

Plate  II. 

Tlie  dotted  tnicings  on  all  the  curvos  of  this  and  subsequent  plates 
represent  the  movements  of  a  mercury  manometer  connected  with  the  trachea. 
Thus  any  rise  on  the  curve  represents  a  rise  of  prcssuro  in  tho  lungs  after 
closure  of  the  trachea ;  on  the  other  hand  a  fall  in  the  curve  shows  that 
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Buotion  has  been  applied  to  the  orifioe  of  the  trachea  in  order  to  diminish  the 
volume  of  the  lungs. 

Curve  I.  From  a  rabbit  weighing  1350  grm.  Chloral  f  grm.  At  the 
point  where  the  manometer  curve  rises  (dotted  curve)  the  lungs  were  inflated 
with  pui*e  oxygen.  The  animal  was  allowed  to  breathe  pure  oxygen  for  four 
or  five  inspirations  preceding  the  inflation  to  insure  inflation  with  the  pure 
gas. 

Curve  IT.     Taken  from  the  same  animal. 

The  lungs  were  inflated  with  air  at  the  point  marked  by  the  rise  in  the 
manometer  curve. 

Curve  III.  The  lungs  wore  inflated  and  allowed  to  return  to  their 
normal  volume  just  before  the  time  when  the  strong  interrupting  inspiration 
was  expected  to  appear  according  to  previous  inflations  of  the  same  strength 
in  the  same  animal. 

Return  to  the  normal  volume  was  in  this  case  accompanied  by  a  great 
outburst  of  inspiratory  energy.  The  slight  fall  in  the  level  of  the  muscular 
curve  iu  purely  piVjsivo,  as  is  shown  by  the  coincident  fall  of  the  lever 
attached  to  the  chest  wall  (the  uppoimost  curve). 

Curve  IV.  The  loft  vagus  was  stimulated  electrically  with  an  interruf>ted 
current  during  tlie  period  marked  by  the  rise  on  the  excitation  marker  curve 
(the  curve  just  above  that  traced  by  seconds  pendulum).  The  stimulus 
chosen  was  of  such  a  strength  as,  from  previous  experiments,  was  found  to  just 
fail  in  producing  Rosenthal's  "Tetanus'*  of  the  diaphragm  (vide  Curve  XIII, 
which  shows  the  effect  produced  by  a  stimulus  of  this  strength  in  the  same 
animal).  During  the  stimulation  both  lungs  were  inflated  for  a  period 
marked  by  the  rise  of  the  manometer  curve  (dotted).  This  inflation  caused 
instant  elongation  of  the  inspiratory  muscles.  But  as  soon  as  the  lungs  were 
allowed  to  return  to  the  normal  volume  the  muscles  again  contracted  under 
the  influence  of  the  electrical  stimulation  of  the  vagus  and  fell  into  a 
condition  of  complete  tonic  contraction.  Thus  an  electrical  stimulus  which 
was  unable  to  completely  abolish  rhythmic  breathing  was  enabled  to  do  so 
when  aided  by  the  inspiratory  after  effect  of  an  inflation. 

Curve  y.  Tlie  right  vagus  was  divided  and  the  left  half  of  the  thorax 
completely  opened  by  excising  portions  of  one  or  more  ribs. 

Inflation  of  the  lungs  produced  the  usual  arrest  of  inspiration,  but  the 
roturn  of  the  lungs  after  the  inflation  now  produced  an  ononnous  tonic 
inspiration  which  only  gradually  gave  way  to  rhythmic  breathing. 

Curve  VI.     From  a  rabbit  weighing  1500  grm.    Chloral  1-J  grm. 

The  lungs  were  inflated  during  normal  respiration  and  allowed  to  return 
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to  the  normal  volume  before  the  pause  bo  produced  had  been  broken  by  an 
"interrupting'*  inspiration. 

Cunre  VII.  The  medulla  oblongata  in  this  animal  had  been  separated 
from  the  rest  of  the  brain  by  an  incisiou  passing  just  above  the  striae 
aoousticAe.  The  animal  continued  to  breathe  rhythmically  after  the  operation. 

At  the  point  marked  with  a  cross  (+)  the  lungs  were  slightly  diminished 
in  volume  by  suction  and  allowed  to  return  to  their  normal  volume  at  the 
point  marked  with  a  circle.  In  the  case  the  negative  afteraction  (expiratory) 
following  the  inspiratory  effect  produced  by  the  diminution  in  volume  of  the 
lungs  is  extremely  well  marked. 

Curve  YIII.     From  a  rabbit  weighing  1600  grm.     Chloral  1  grm. 

The  right  vagus  has  boon  divided  and  the  curve  shows  the  effect  pro- 
duced by  complete  collapse  of  the  left  lung  caused  by  |>erforating  the  left  half 
of  tlio  thoracic  wall 

The  loft  luug  collapsed  at  tho  point  on  the  curve  marked  with  a  cross,  and 
a  very  strong  tonic  inspiratory  contraction  was  produced  which  lasted  neai'ly 
25  sec. 

Curve  IX.     From  a  rabbit  weighing  1850  grm.     Chloral  1^  gnn. 
This  curve  shows  the  inspiratory  effect  produced  by  a  ^'momentary"  dimi- 
nution in  the  volume  of  the  lungs  (suction)  during  normal  respiration. 
The  manometer  curve  serves  to  register  the  duration  of  the  suction. 

('urvc  X.  Is  tsikon  from  the  ssuiio  animal  as  Curves  t  and  TI,  with  which 
it  should  be  compared,  and  illustrates  the  effect  produced  by  a  "momentary'' 
inflation  by  tho  lungs  with  pure  hydrogen. 

Curve  XI.  Shows  the  effect  on  normal  respiration  of  sudden  collapse  of 
the  right  lung  following  perforation  of  the  right  half  of  the  chest  wall. 

Curve  XII.  Both  vagi  have  been  divided.  The  central  end  of  the  right 
v:igu8  w:iK  phicod  u|K>u  tho  electrodes  aiid  stiinulivtcd  with  an  iuteiTupted 
carrent  of  sufiicieut  strength  to  proiluco  active  expirations.  These  active 
expirations  appeared  VL\ion  the  muscle  curve  svs  small  irregular  passive  move- 
ments, and  affected  both  the  muscle  curve  and  the  control  curve  (from  chest 
wall)  in  the  same  direction  and  to  the  same  amount. 

This  curve  illustrates  the  strong  inspiratory  after  effect  which  follows  the 
cc^ssation  of  an  expinitory  stiniulation  when  both  vagi  are  divided  and  tho 
centra  can  act  unhauii>cred  by  affbrcnt  impulses  from  tho  lungs. 

Curve  XIII.  Is  tiiken  from  tho  same  animal  as  Curve  IV,  with  which  it 
should  be  compai'ed. 

The  right  vagus  was  stimulated  with  an  interrupted  current  just  too  weak 
to  produce  Rosenthal's  "Tetanus." 
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This  curve  shows  that  the  so-called  "  Tetanus  **  is  in  reality  produced  far 
more  by  decrease  in  the  completeness  of  the  expiratory  elongation  than  by  an 
increase  in  rate  of  the  respimtory  rhythm. 

Platk  tit. 

On  this  Plato  tho  dottod  curves  »iro  traced  by  a  moi'cnry  nianomotor 
connected  with  the  tmchea.  During  the  periodic  inflations  or  suctions  of 
ventilation  the  mercury  makes  corresponding  oscillations,  thus  registering  and 
controlling  the  strokes  of  the  pump. 

Positive  ventilation  is  taken  to  mean  periodic  inflations,  negative  ventila- 
tion periodic  suctions,  and  compound  ventilation  the  periodic  alternation  of 
inflation  and  suction. 

Curve  I.     From  a  rabbit  weighing  1500  grm.    Chloral  IJ  grni. 

This  curve  shows  the  gradual  abolition  of  rhythmic  respiration  under  the 
influence  of  positive  ventilation.  An  apnoea  pause  is  produced  which  would 
have  traced  a  curve  i*esembling  Curve  TIT,  had  not  the  volume  of  the  lungs 
been  diminished  (by  suction)  at  the  point  marked  by  the  fall  in  the  dotted 
cui-ve. 

Curve  TT.     From  a  rabbit  weighing  1850  grni.     Chloral  IJ  grm. 

Positive  ventilation  caused  an  a{>noca  pause  consisting  of  a  slow  contraction 
of  the  muscles  of  the  diaphragm  (as  in  Curve  TIT).  This  rise  was  cut  short 
and  replaced  by  an  expiratory  pause  by  inflating  the  lungs  during  the  apnoea. 

Curve  ITT.     From  the  same  animal  as  Curve  I. 

Tliis  curve  illustrates  the  gradual  abolition  of  rhythmic  breathing  under 
the  influence  of  positive  ventilation  (periodic  inflations).  As  soon  luj  the 
ventilation  cooscd  tho  musculiXr  sli[>s  Inigau  slowly  to  coiitnict  and  produced  a 
contraction  curve  lasting  12  sec.  A  similar  slow  contraction  was  increasixl 
by  a  diminution  in  the  volume  of  the  lungs  on  Curve  T,  and  cut  short  by  an 
inflation  on  Curve  TI. 

Curve  IV.     From  a  rabbit  weighing  1G50  grm.     Chloral  1  grm. 

This  curve  shows  the  efiect  by  negative  ventilation  (periodic  suctions) 
during  normal  respii-ation.  The  greater  number  of  small  oscillations  on  tho 
muscular  curve  during  the  ventilation  are  passive.  This  is  shown  by  the 
synchronous  and  similar  movements  on  the  uppermost  (control)  curve  traced  by 
a  lever  attached  to  the  chest  wall. 

Curve  V.     From  the  same  animal  as  Curves  T  and  ITT. 

This  curve  shows  the  peculiar  alteration  in  the  respiratory  rhythm  which 
follows  the  cessation  of  positive  ventilation  (of  short  duration,  8  strokes  only) 
in  an  animal  in  which  the  apnoea  pause  is  represented  by  a  slow  inspiratory 
contraction  (vide  Curve  III). 
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Curve  VI.     From  ilio  same  animal  as  Curvo  IV. 

Shows   the   effect  of   7  suetious  (negativo   ventilation)   on    the    normal 


breathing. 


Plate  IV. 


Curve  I.     From  a  rabbit  weighing  1850  grm.     Chloi-al  1^  grm. 

Shows  the  effect  produced  by  inflating  the  lungs  during  the  apnoea  caun^ 
by  nf^tive  ventilation.  The  duration  of  the  inflation  is  sliown  by  the  rise 
on  the  dotted  curve. 

Curve  II.     From  a  inibbit  weighing  1350  grm.     Chloral  \  grm. 

Pottitive  ventilation  (IG  strokes  of  the  pump)  is  sufficient  to  abolish 
rhythmic  breathing  but  insufficient  to  produce  a  pause  after  the  ventilation 
ceases. 

Air  is  the  medium  of  inflation. 

Curvo  III.  From  tho  siimo  animal.  To  bo  compai-cd  with  Curvo  11. 
16  strokes  of  the  pump  are  unable  to  produce  an  apnoea  pause  after  tho 
ventilation  ceases  even  though  pure  oxygen  is  used  as  the  medium  of  inflation. 
This  shows  that  the  abolition  of  rhythmic  rcspiratbin  by  positive  ventilation 
and  the  production  of  an  apnoea  pause  is  not  due  to  the  over  oxydatiou 
of  the  blood  provided  the  vagi  are  intact 

Curve  IV.     From  the  same  animal  as  Curve  I, 

During  the  a]>n(H'a  jirtKluccd  by  negative  ventilation  tho  volume  of  the 
lungs  was  diminished  (by  suction),  thus  causiug  a  consiJoi*ablo  inci'casc  in  tho 
iuspimtory  contraction  wliioh  characterises  this  fonn  of  apnoea. 

Curve  V.     From  a  rabbit  weighing  2450  gi*m.     Chloral  1.}  grm. 
Shows  the  effect  pi*oduced  on  the  normal  breatliing  by  compound  ventila- 
tion (alternate  inflations  and  suctions). 

Curvo  VI.  From  the  same  animiil  as  Curve  V.,  with  which  it  is  to  be 
coin  j>a  red. 

Shows  tho  alteration  in  tho  effect  of  compound  ventilation  by  the 
substitution  of  pure  hydrogen  for  air  as  the  medium  of  inflation. 

Plate  V. 

Curve  I.     From  a  rabbit  weighing  1500  grm.     Chloral  I  grm. 

Shows  the  complete  abolition  of  the  rcspii-atory  rhythm  produced  by 
])08itive  ventilation  with  i)ure  hydrogen. 

Curvo  11.     From  tho  same  animal.     To  be  compared  with  Curve  I. 

Shows  tho  effect  of  the  same  number  of  strokes  of  the  pump  when  air  is 
the  medium  of  inflation. 

PH.  X.  5 
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A  comparison  of  the  two  curves  shows  that  the  only  clifTerenco  between 
the  two  curves  lies  in  the  shortness  of  the  apnoea  ]>ause  which  follows 
ventilation  with  hydrogen  in  coroparison  -with  that  produced  when  air  is  nseil. 
In  both  cases  rhythmic  breathing  is  completely  abolished. 

,  Curve  III.     From  a  itibbit  weighing  2450  gnn.     Chloi-al  \\  grni. 

To  be  compared  with  Cui-ye  V. 

The  left  vagus  was  already  divided  and  the  curve  shows  the  effect 
produced  by  freezing  the  right  vagus  during  positive  ventilation  with 
hydrogen.     The  nerve  is  frozen  at  the  point  marked  with  a  cross  (+). 

Curve  IV.     Prom  a  rabbit  weighing  IGOO  grm.     Chloi*al  1  grm. 

This  curve  shows  the  peculiar  form  sometimes  assumed  by  the  apnoea 
caused  by  positive  ventilation. 

Ilhythmic  breathing  is  abolished  but  the  inspiratory  muscles  do  not  elon- 
gate completely  but  remain  slightly  contracted.  Tlie  contraction  is  so  slight 
that  it  might  fall  within  the  errors  incident  to  the  method  if  its  presence 
were  not  confirmed  by  the  sudden  fall  which  follows  stimulation  of  the  nasal 
mucous  membi*ane  with  chloroform  vapour  during  this  fenn  of  apnoea. 

Curve  V.     From  the  same  animal  as  Curve  III. 

Shows  Uio  effect  produced  by  continuing  ])08itivo  ventilation  with  hydrogen 
after  rhythmic  breathing  has  been  abolished.  The  inspirations  begin  again 
during  the  ventilation  owing  to  the  increasing  dyspnoea. 

Curve  VI,     From  a  rabbit  weighing  1750  grm.     Chloral  1  grm. 
Shows    the    effects    of    positive    ventilation    (5   inflations)    with    pure 
hydrogen. 

Curve  VII.  From  the  same  animal  as  Curve  VI  and  to  be  compared 
with  it,  to  show  the  effect  produced  by  positive  ventilation  (6  strokes)  when 
air  is  the  medium  of  inflation.  The  difference  l>etween  the  two  curves  lies, 
not  in  the  ease  with  which  rhythmic  breathing  is  abolished,  but  in  the  lengtli 
of  the  apnoea  puiso.  When  air  is  used  (Curve  VII)  a  pause  results  ]astin<' 
9  pca,  which  is  broken  by  gradually  increasing  inspiratory  conti^actions. 
Where  hydrogen  is  used  (Curve  VI)  these  small  contractions  begin  directly 
the  ventilation  ceases  in  consequence  of  the  dyspnoea. 

Curve  VIII.  From  the  same  animal  as  Curve  IV.  to  show  the  effect 
produced  by  positive  ventilation  with  pure  oxygen. 

A  comparison  of  Curves  IV  and  VIII  shows  that  the  only  difference 
between  the  effect  produced  by  positive-  ventilation  with  air  or  with  oxygen 
lies  in  Uio  length  o£  the  apnoea  pause  and  not  in  its  character  or  in  the  ca.so 
with  which  rhythmic  respiration  is  abolished. 


REGULATION  OF  RESPIRATION.  67 


Plate  VI. 

Curve  I.     From  an  animal  weighing  1850  grm.     Chloral  1^  grm. 
SliowH  tho  npncHui  proclticcil  l»y  ncgiilivo  vciitihition. 

Carve  II.     From  a  rabbit  weighing  1250  grm.     Chloral  \  grm. 

The  left  vagns  has  been  divider!  and  the  curve  shows  the  effect  produced 
under  these  conditions  by  negative  ventilation  (20  suctions).  To  be  compared 
with  Curve  IV  from  the  same  animal. 

Curve  III.     From  a  rabbit  weighing  1500  grm.     Chloral  1^  grm. 
Shows  the  effect  produced  bj  compound  ventilation. 

Curve  lY.  Fron^  the  same  animal  as  Curve  II,  on  which  it  follows  after 
an  interval  of  about  two  minutes. 

N^ative  ventilation  was  begun  and  at  the  22  nd  stroke  of  the  pump  the 
right  vagus  was  frozen. 

On  Curve  II  rhythmic  breathing  began  almost  immediately  upon  the 
cessation  of  ventilation,  whei'eas  on  this  curve  the  muscles  begin  to  contract 
slowly  to  form  a  tonic  inspiratory  contraction  of  great  duration  (nearly  15  sec) 
as  80on  as  the  remaining  vagus  is  divided.  Then  follows  a  period  of  great 
irregularity  in  which  the  whole  animal  moved  violently  just  as  in  those  cases 
wlierc  groat  dyspnoea  wjm  known  to  exist  (after  breathing  pure  hydrogen). 

Curve  V.  From  a  rabbit  weighing  1500  grm.  Cliloral  J  grm.  Slight 
pneumothorax  existed  on  the  right  side  of  tlie  thorax. 

Positive  ventilation  lasting  half  a  minute  caused  an  apnoea  closely 
resembling  that  usually  produced  by  negative  ventilation,  for  the  return  of  the 
lungs  after  each  inflation  now  became  of  more  value  than  tlie  effect  of  the 
inflation  owing  to  the  collapse  of  the  right  lung.  The  difference  between  this 
form  of  apnoea  and  that  caused  by  negative  ventilation  in  a  normal  animal  lies 
in  Uie  form  assumed  by  the  apnoea  pause,  for  instead  of  consisting  of  a  steady 
relaxation  of  the  inspiratory  muscles  the  apnoea  is  here  a  direct  continuation 
of  the  apnoea  of  ventilation. 

Curve  YI  follows  almost  immediately  on  Curve  V. 

Positive  ventilation  was  again  begun  and  the  left  vagus  was  frozen  after 
it  had  histed  18  sec.  When  it  had  lasted  31  sec.  the  right  vagus  was  also 
frozen  and  a  lung  tonic  inspiration  lasting  over  0  sec.  was  produced. 

The  slight  difference  lx)tween  the  forms  assumed  by  the  apnoea  on  Curves 
V  and  VI  coniparod  with  the  great  diffei'enco  on  Curves  II  and  IV  is 
noteworthy  as  showing  how  much  the  apnoea  produced  by  negative  ventilation 
is  lmni^>cix)d  by  the  dilatation  of  the  lungs  which  it  cauKos. 

5—2 
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Plate  VII. 


Curve  T.     From  a  rabbit  weighing  1800  grm.     Chloral  1  J-  ^r\x\. 

Shows  the  cfToct  piXKlnccil  by  22  strokes  of  coiniiouiul  ventilaiioii. 

Curve  II  follows  closely  on  Curve  I. 

During  the  duration  of  compound  ventilation  the  left  vagus  was  frozen. 
At  the  22nd  stroke  of  the  pump  the  right  vagus  was  frozen.  On  Curve  I,  22 
8ti*okcs  of  the  pump  only  produced  an  apnoea  i>au8e  lasting  about  4  sec, 
whereas  on  the  curve  the  pause  lasts  over  10  sec.  owing  to  the  division  of  the 
vagi  at  the  close  of  ventilation.  Thus  we  see  that,  firstly,  the  stimuli  to  the 
end  organs  of  the  vagi  undergo  summation  in  the  centre  and  not  in  the 
)>eriplioral  end  organs  of  these  nerves,  and,  secondly,  that  this  form  of  apn(K*a 
is  considerably  hampered  in  the  normal  animal  by  the  dilatation  of  the  lungs 
which  it  produces. 

Curve  III.     From  a  rabbit  weighing  1500  grm.     Chloitd  \\  grm. 

Shows  the  effect  of  diminishing  the  volume  of  the  lungs  during  the  apnoea 
pause  caused  by  positive  ventilation.  The  diminution  in  volume  of  the 
lungs  (suction)  appears  on  the  manometer  curve  (dotted)  as  a  fall  two  seconds 
after  the  cessation  of  the  ventilation. 

Cui-ve  IV.  From  a  rabbit  weighing  1850  grm.  Chloral  1^  grm.  This 
curve  is  the  converse  of  Curve  III,  for  it  shows  the  effect  produced  by  a  short 
inflation  of  the  lungs  during  the  apnoea  caused  by  negative  ventilation. 

Curve  Y.  Compound  ventilation  was  continued  during  the  whole 
duration  of  this  curve  on  the  right  side. 

For  a  full  description  vide  p.  57. 

The  right  lung  collapsed  slowly  during  the  period  between  the  two  circles. 

Plate   VIII. 

Curve  I.     From  a  rabbit  weighing  1500  grm.     Chloral  1^  grm. 
Shows  the  effect  produced  bv  21  inflations  (positive  ventilation). 

Curve  II  follows  closely  on  Curve  I,  with  which  it  is  to  be  compared. 
Positive  ventilation  is  repeated  in  tlie  same  animal  after  a  short  interval,  and 
the  left  vagus  is  frozen  during  the  ventilation.  After  26  strokes  of  the  pump 
the  ventilation  is  stopped  and  the  right  vagus  is  frozen  as  quickly  as  possible. 
Nevertheless  the  apnoea  pause  takes  an  almost  absolutely  identical  form  to 
that  seen  in  the  normal  animal  (Curve  I)  except  that  it  gradually  passes  over 
into  a  strong  tonic  inspiratory  contraction.  Whereas  in  the  normal  animal 
rhythmic  breathing  was  ushered  in  by  an  expii-atory  elongation  after  the 
pause  had  lasted  10  seconds,  the  first  expiration  does  not  appear  for  25  seconds 
wIk'u  the  vagi  were  divided  at  the  close  of   ventilation,  showing  that    this 
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o|)enitiuii  far  ii*uiu  cutting  sliort  a  viigUB  apiioca  rather  UmkIh  to  prolong  its 
duration. 

Curves  III  and  IV  are  both  tiken  from  an  animal  weighing  2000  grm. 
Cldonil  1  gini. 

The  leib  vagns  wsis  ilividcil  before  the  experiment  began. 

On  Curve  IV  an  apnoea  was  produced  by  15  inflations.  After  a  short 
fiause  iK>sitive  ventilation  was  begun  again  and  the  right  vagus  was  frozen  at 
the  twelfth  inflation.  Yet  in  spite  of  the  fact  that  both  vagi  were  divided  a 
(■oiiiph'to  inhibitory  npnora  ]>juiso  was  proihicod  whidi  gradually  gave  piano  to 
u  blow  Uuiic  contraction  of  the  inspiratory  luusclos.  Mow  it  is  interesting  to 
note  that  on  Curve  IV  rhythmic  respiration  began  ag:^in  after  the  apnoea 
]viusc  by  a  small  inspiratory  contraction,  wliich  was  cut  short  after  reaching 
but  a  very  small  height^  whereas  on  Curve  III  the  pause  is  broken  by  a  long 
slow  steady  rise  owing  to  the  fact  that  dilatation  of  the  lungH  can  no  longer 
n'flexly  inhibit  the  inspinitory  activity  of  tho  respiratory  centre.  Thus  here 
again  wo  sen;  the  controlling  eflbct  produced  by  the  stimulation  of  tho  vjigi 
produced  by  a  change  in  the  volume  of  the  lungs. 

Curve  V.  Compound  ventilation  was  kept  upon  the  left  side  of  the  thorax 
during  the  whole  duration  of  this  curve. 

For  a  full  description  of  this  curve  viil^  j).  56. 


1'latk  IX. 

Curve  I.     From  a  rabbit  weighing  1300  grm.     Chloral  1  grm. 
Both  vagi  have  been  divided  just  previously  to  this  curve. 
Shows  the  tonic  inspiratory  type  of  blood  apnoea  which  follows  positive 
ventilation  after  the  division  of  both  V!igi. 

Curve  II.     From  a  rabbit  weighing  1800  grm.     Chloral  li  grm. 

Both  vagi  have  been  divided  some  time  before  this  curve  was  taken. 

Shows  the  expiratory  type  of  blood  apnoea  which  follows  positive  ventila- 
tion, especially  when  the  animal  is  in  any  way  exhausted  or  if  the  vagi  have 
l)ccn  divided  some  time  before  ventilation  is  resorted  to. 

Curve  III  shows  tho  ciTect  of  inflating  the  lungs  of  a  noiTiial  animal 
with  chloroform  vapour. 

Tho  inflation  is  marked  by  tho  rise  on  the  manometer  curve  (dotted). 

During  the  first  few  seconds  following  the  inflation  dihtinct  traces  of  the 
noriual  inhibiting  cflTcct  of  an  inflation  ai-c  scon,  but  the  breathing  nipidly 
assumes  the  type  seen  on  dividing  both  vagi.  This  tends  to  show  that 
chloroform  or  ether  vapour  rather  tends  to  paralyze  than  to  stimulate  tlie  end 
organs  of  the  vsigi  in  the  lungK. 
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Curves  IV  and  Y  are  taken  from  the  same  animal  at  intervals  of  a  few 
minutes. 

Cui*ve  IV  shows  the  normal  effect  produced  by  inflating  the  lungs  with 
air  after  division  of  the  right  vagus. 

On  Curve  Y  the  hmgs  were  iuflsitod  in  exactly  the  same  way  and 
apparently  as  neaily  as  possible  to  the  same  extent  (to  judge  by  the  rise  of 
the  mercury  manometer).  But  during  tlie  inflation  the  left  vagns  M'as  frozen 
and  we  here  And  that  tlio  interrapting  inspiration  is  replaced  by  a  very  strong 
inspiratory  contraction  of  quite  abnormal  duration. 

Curve  YI.  Compound  ventilation  was  continued  during  the  whole 
dniution  of  this  curve  on  the  loft  side  of  the  thorax. 

The  right  lung  collapsed  suddenly  at  the  i>oint  marked  with  a  circle. 
For  a  full  description  of  tiiis  curve  vide  p.  57. 


Part  11.    Theoretical,  follows  in  a  succeeding  Number. 


ON  THE  ORIGIN  OP  UROHAEMATOPORPHYRIN  AND 
OF  NORMAL  AND  PATHOLOGICAL  UROBILIN  IN 
THE  ORGANISM.    Br  0.  A.  MAC  MUNN.  M.A.,  M.D. 

(With  Five  Charts  of  Spectra.    Plates  X.  to  XIV.) 

The  following  paper  contains  an  account  of  a  scries  of  experiments 
made  in  order  to  determine  the  connexion  between  the  colouring 
matters  of  blood,  bile  and  urine. 

In  1880^  I  published  a  paper  in  which  I  endeavoured  to  trace 
this  connexion,  but  at  that  time  I  was  unaware  of  the  importance  of 
the  feeble  bauds  in  the  red  half  of  the  spectra  of  solutions  of  the  various 
colouring  matters,  which  appear  under  the  influence  of  such  reagents  as 
ammonia,  sodium  hydroxide,  zinc  chloride  and  ammonia,  and  zinc 
chloride  alone.  It  is  only  by  a  careful  study  of  these  feeble  bands  that 
we  can  distinguish  these  colouring  matters  from  each  other  and  compare 
them  with  the  artificially  prepared  pigments. 

It  is  impossible  in  some  cases  to  separate  (for  example)  a  haematin 
derivative  from  a  bile  derivative  and  for  the  present  I  have  been 
Umited  mainly  to  a  description  of  spectra.  In  time  however  I  hope  to 
be  able  to  say  more  about  their  chemical  characters.  So  far  the  results 
obtained  have  been  so  important  that  I  feel  justified  in  publishing  them 
in  their  present  state;  but  I  regret  that  I  have  to  give  them  in  greater 
detail  than  at  first  sight  may  appear  necessary.  To  enable  anyone 
to  follow  these  results,  such  detail  is  absolutely  required,  as  will  appear 
by  and  bye. 

Owing  to  the  case  and  rapidity  with  which  bodies  that  yield  banded 
absorption  spcctm  can  be  detected,  this  method  of  analysis  applied  to 
urine  is  likely  to  prove  useful  to  the  physician,  and  he  has  in  the 
pigments  an  index  of  the  metabolic  activity  which  is  taking  place  in 
the  organism  under  normal  and  pathological  conditions;  besides  it  can 
hardly  be  doubted  that  the  various  constituents  associated  with  the 
pigments  must  arise  under  like  conditions  with  them. 

Before  giving  my  results  it  may  not  be  thought   unnecessary  to 

1  **  Further  researches  uito  the  colouring  matters  of  humau  urine "  &c.    Fro.  lioy. 
Hoc.  No.  208,  1880. 
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recapitulate  what  is  known  of  these  colouring  matters,  especially  as  my 
results  do  not  always  agree  with  the  received  ideas,  although  they  do 
confirm  my  former  results  so  far  as  I  have  gone. 

The  earlier  observations  of  Jaffd*  and  Maly*  are  known  to  readers 
of  modern  text-books  of  pliysiology;  tlio  former  found  urobilin  first 
in  the  bile,  then  in  urine,  and  described  its  green  fluorescence  with  zinc 
chloride  and  ammonia,  he  also  described  its  chromogen  in  iirinc. 
Maly  then  showed  how  to  prepare  a  like  substance,  which  he  considered 
identical  with  Jaffa's  urobilin, from  bilirubin,  and  he  named  this  hydro- 
bilinibin,  and  subsequently  said  it  was  identical  with  the  stercobilin  of 
Vaulair  and  Masius'.  He  supposed  that  the  bilinibin  of  the  bile  is 
changed  into  urobilin  by  reduction  in  the  intestine,  and  is  then  absorbed 
in  part  and  appears  in  the  urine.  Hoppe-Seyler*  showed  that  a  body 
with  the  reactions  of  urobilin  could  be  obtained  by  the  action  of  tin  and 
hydrochloric  acid  on  haemoglobin  and  haematin,  and  he  could  not  find 
it  in  blood-serum.  He  says  that  normal  urine  contains  no  traces  of 
urobilin,  on  the  contmry  a  chromogen  which  gradually  forms  urobilin  by 
IX  spontjxncously  occumng  oxidation,  an  observation  fii-st  made  by  Jaffe. 
Hoppe-Scyler,  in  his  book  on  Physiological  and  Pathological  Chemical 
Analysis,  refers  to  Baumstark's*^  urorubrohaematin  and  urofuscohae- 
matin,  and  sa3*s  that  both  of  these  pigments  stand  in  near  relationship 
to  haematin.  Among  later  contributions  to  this  subject  I  may 
mention  those  of  Esoff"  and  Disqu<^'.  The  latter  extended  the 
knowledge  of  urobilin  and  hydrobilirubin  considerably  and  showed 
that  the  hydrobilinibin  of  Maly  cannot  be  considered  a  pure  body, 
a  stxitemcnt  with  which  I  agree.  He  could  only  find  the  band  of 
Jaffd's  urobilin  in  mine  after  long  exposure  to  the  air,  but  he 
evidently  considered  hydrobiKmbin  and  urobilin  identical  substances, 
and  he  found  the  latter  most  abundantlv  in  all  diseases  where  the  urine 
is  diminished  in  quantity,  also  in  copious  perspiration,  in  heart  disease 
and  lung  diseases,  especially  pneumonia.  I  shall  refer  to  Disqud's 
results  further  on. 

^  Central}),  f,  d.  med.  Wits,,  18G3,  S.  241.    Arehiv  /.  path,  Anat,  Bd.  47,  S.  405, 
Zeit.f.  anal.  Chem.,  Bd.  0,  S.  105  and  Bd.  3,  S.  245. 

«  Ann.  Chem.  Pharm.  Bd.  161.  S.  808  and  Bd.  163,  S.  77. 
'  Ceniralb.  f.  d.  med.  Wist.  1871,  No.  24. 

*  Arehiv  f.  d.  ges.  Plnjsiot.  Bd.  10,  S.  208.     Jierichte  d.  deiUsch.  chem.  Ges.  Bd.  7, 
>S.  1065. 

*  Berichte  d.  deutsch.  ehem.  GeseU.  1874,  vii.  S.  1170. 

*  Arehiv  f.  d.  ftes.  Physiol,  xii.  8.  50. 

"  Zeitich.f.  phyxiol.  Chemie^  Bd.  ir.  S.  259. 
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In  the  paper  quoted  above  I  showed  that  there  is  a  distuict 
diSci'ence  between  normal  and  (what  I  there  called)  febrile  (« patho- 
logical) urobilin,  as  the  normal  pigment  is  lighter  in  colour,  being 
hrowii  or  yellow  brown,  and  iLs  sohilions  :d.sf>  po«c;o»s  a  lighter  colour 
Ibau  those  of  pathological  urobilin.  The  absorption  baud  at  F  is  much 
less  shaded,  has  less  well-defined  edges,  and  in  dilute  solutions  dis- 
appears with  potassium — or  sodium — hydroxide'  (other  differences  will 
be  referred  to  in  this  paper).  I  found  that  it  appeared  to  be  iden- 
tical with  choletelin  and  with  a  body  which  is  produced  by  the  action 
of  peroxide  of  hydrogen  on  acid  haematin,  to  be  described  further  on. 

I  also  described  in  that  paper  a  pigment  which  I  l^sA  met  with 
in  the  urine  of  rheumatic  fever  and  which  I  prepsvred  artificially  by  the 
action  of  zinc  and  sulphuric  acid,  and  by  that  of  sodium  amalgam, 
on  haematin,  which  I  accordingly  named  urohaematin,  but  which  I  have 
since  named  urohaematoiwrphyrin".  I  came  to  the  conclusion  that 
if  ))athological  urobilin  is  derived  from  bile,  it  represents  an 
intermediate  stage  of  the  oxidation  of  bile  pigment,  but  I 
could  not  account  for  its  being  so  like  hydrobilirubin.  Since  then 
however  Hoppe-Seyler  has  shown  that  nascent  oxygen  plays  a  very 
important  role  in  these  supposed  reduction  processes,  a  conclusion  which 
fully  explains  away  all  these  difficulties.  It  was  quite  evident  then  that 
undt»r  Ihisnanu^  urobilin  observers  had  confused  three  distinct  pignienls, 
(I)  ncMinal  urobilin,  (2)  pathological  urobilin,  and  (3)  urohaeniatopor- 
phyrin. 

I  also  inferred  the  presence  of  two  chromogens  in  urine :  that  of 
normal,  and  that  corresponding  to  pathological  urobilin,  for  by  no  other 
hypothesis  could  I  account  for  the  results  obtained.  Since  however 
there  appears  to  be  no  essential  difference  between  stercobilin  and 
pathological  urobilin  there  is  less  difficulty  in  accounting  for  this:  as  the 
cliromogen  of  stercobilin  may  be  present  in  normal  urine  in  very  small 
quantity.  It  is  quite  unnecessary,  and  probably  is  incorrect,  to  suppose 
that  the  reduction  of  these  colouring  matters  to  chromogens  takes  place 
in  such  places  as  the  intestine,  because  when  brought  by  the  blood 
to  various  tissues  and  organ.<«,  where  oxidation  is  going  on,  they  could 
not  fail  to  become  oxidised  again.  It  is  more  probable  that  they 
are  reiluced  in  the  kidney  and  bladder  by  the  action  of  those  reducing 
Ku1)stanccs  which  are  known  to  be  present  in  urine.     If  this  be  so,  then 

>  \VhcrcA8  in  tlio  cafve  of  pathological  urobilin  the  band  at  F  is  replaced  by  another 
nearer  the  reel 

'  Th'iH  c/oifniii/,  Vol.  VI.  Nos.  1  uiid  2. 
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it  is  conceivable  that  one  part  of  the  colouring  matter  might  become 
more  reduced  than  another,  so  that  we  might  have  two  chromogens, 
one  that  of  normal,  another  corresponding  to  that  of  pathological 
urobilin,  for  it  woiild  appear  that  tho  artificially  prepared  pigment 
corresponding  to  normal  is  convertible  by  reducing  agents  into  that 
corresponding  to  pathological  urobilin.  That  this  occurs,  at  least  at 
times,  is  probable  from  a  recent  observation  of  Salkowski\  who  found 
that  a  sample  of  urine  peculiarly  rich  in  urobilin  seemed  to  lose  it 
on  keeping,  and  I  have  noticed  the  band  disappear  from  urine  after 
it  had  stood  some  time,  loug  before  ammoniacal  fermentation  had  time 
to  take  place.    But  I  shall  refer  to  the  subject  further  on. 

Tlic  occurrence  of  urohacmatoporphyrin  in  urino'luis  recently  been 
again  studied  by  le  Nobel  of  Leyden',  who,  while  differing  from  me  as 
to  the  presence  of  a  band  at  F  in  acid  solutions,  has  confirmed  the 
truth  of  my  statements.  His  methods  of  preparation  and  of  observing 
the  spectrum  explain  this  discrepancy,  as  he  used  a  flask  provided 
with  a  small  side  tube  much  too  narrow  for  showing  feeble  bands,  and 
his  reduction  experiments  were  not  carried  far  enough,  as  may  be 
judged  of  from  his  statement  that  in  his  first  experiment  he  did 
not  iiud  it  necessary  to  provide  his  llask  with  a  tube  for  the  escape 
of  gas  "da  keine  Gasentwickelung  statt  fand,"  and  he  did  not  heat 
the  solution,  trusting  merely  to  the  "Sonnenwarme."  He  found  that 
by  the  action  of  reducing  agents  on  haematin  there  were  successively 
formed  a  series  of  reduction  products  which  were  named  by  him 
(1)  haematoporphyrin,  (2)  haematopoi-phyroidin,  (3)  isohaematoporphyrin 
(=  urohacmatoporphyrin),  and  (4)  urobilinoidin.  The  last  was  not 
(he  Siiys)  identical  with  urobilin,  although  like  it,  but  he  found  that 
it  passed  back  again  into  urohacmatoporphyrin  :  if  so  the  statement  that 
the  latter  possesses  no  band  at  F  carries  its  own  contradiction,  for  no 
one  knows  of  a  chromogen  or  reduction  product  possessing  a  band  at  F 
that  does  not  give  that  band  intensified  in  its  oxidised  state.  I  need 
not  refer  to  his  other  remarks,  as  one  was  based  on  a  mistranslation 
of  the  word  "  doubtless,"  and  the  other  on  his  ignorance  of  my  having 
changed  the  name  urohaematin  to  urohacmatoporphyrin  in  this 
Journal'. 

>  Ch€m,  Cfntr,  xviii.  1080. 

*  **  Uebor  die  Eiuwirkung  von  Bedactionsmittdn  nuf  Ilacxnaliu  iind  das  Vorkommcn 
der  Reduotioneproducte  in  patliologischcm  Harne."  Archiv  /.  d.  get.  Phyfiol.  Dd.  xl. 
1887,  S.  COl. 

3  This  Joiinia!,  vol.  vi.  Nos.  1  and  2. 
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It  is  quite  cvidexit  from  le  Nobcrs  and  my  own  observations  that 
reduction  products  of  hoematin  occur  in  the  urine  under  pathological 
conditions,  and  he  found  such  present  in  acute  rheumatism,  croupous 
pneumonia  and  cirrhosis  of  the  liver,  to  which  I  may  now  add  so-called 
idiopathic  pericarditis,  Addison's  disease,  Hodgkin's  disease,  measles, 
typhoid  fever,  meningitis  and  peritonitis.  In  these  cases  the  origin  of 
the  pigment  could  not  have  been  food-products,  since  the  patients 
had  been  placed  on  a  milk-diet  (in  most  of  my  own  cases),  nor 
is  it  likoly  tliat  the  pigment  had  its  origin  in  the  liver. 

I  do  not  think  it  is  an  exaggeration  to  say  that  the  occurrence  of  this 
colouring  matter  in  the  urine  is  of  very  great  importance  to  the 
physician,  indicating  as  it  does  very  grave  disturbance  in  the  system. 
Le  Nobel  also  found  that  hydrobilirubin  is  not  identical  with  urobilin. 

I  shall  describe  here  (1)  pathological  urobilin,  (2)  urohaematopor- 
phyrin,  (3)  the  artificial  proiluction  of  this,  (4)  normal  urobilin,  (5)  its 
artificial  preparation,  (G)  stcrcobiliu,  (7)  hydrobilirubin  and  (8)  the  uro- 
bilin-like  substance  in  bile\ 

The  so-called  urobilin  from  a  case  of  tubercular  peritonitis.  Tlio 
urine  was  of  an  orange  colour.  It  showed  a  band  at  F,  from  about 
X  502  to  X  479,  extending  in  a  greater  depth  from  X  504  to  X475.  It  was 
treated  with  neutral  and  basic  acetate  of  lead,  the  precipitate  filtered 
off  and  decomposed  with  rectified  spirit  acidulated  with  sulphuric  acid 
(12  jiarts  H^SO^  to  G8  parts  spirit).  The  deep  red  filtrate  showed  a 
feeble  band  at  D,  another  between  D  and  E  and  a  black  band  at  F. 
The  last  had  the  peculiarity  of  shading  shown  by  the  band  of  patho- 
logical urobilin,  of  hydrobilirubin,  stercobilin  and  of  the  urobilin-liko 
substance  of  bile,  that  is,  a  less  shaded  part  stretching  for  about  its  own 
breadth  towards  violet.  This  fluid  was  diluted  with  water  and  agitated 
in  a  sei)araling  funnel  with  chloroform,  which  became  coloured  red  by 
the  pigment  and  was  separated  off,  filtered,  and  evaporated  at  the 
temperature  of  the  air.  The  residue  was  a  red  brown  amorphous 
pigment  soluble  in  the  urobilin  solvents. 

The  chloroform  solution  was  a  deep  red  colour,  and  showed  a  band 
before  D  and  one  in  green,  besides  that  at  F:  the  first  about  X619  to 
X  591,  second  about  X  5C7'5  to  X547,  while  the  dark  band  nearest  violet 
at  one  degree  of  dilution  read  from  X517  to  X4G4.  This  is  a  great 
brcailtli,and  normal  urobilin  Jicver  can  bo  lujule  to  show  a  band  like  this. 

'  It  U  probable  that  the  new  bands  which  appear  on  the  addition  of  snch  reagents  as 
ZuCl^  NttHO,  NH^HO,  H^04,  HCl,  and  so  on,  belong  to  zinc,  sodium,  i&c.  compounds, 
but  at  present  I  cannot  assert  that  such  is  the  case. 
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By  progressive  dilution  it  read  from  X511  to  X477,  then  X506  to 
X  483. 

The  alcohol  solution  had  a  fine  wine-red  colour  and  showed  a  band 
at  D,  another  in  green  and  the  dark  band  at  F.  The  first  alH)ut 
XG07-5  to  587,  tlic  second  about  X  577  to  Xooi  (?)  and  that  at  F  in  a 
more  dihite  solution  from  about  X  504  to  X  477,  with  its  darker  part 
from  X  501  to  X  479  (?). 

The  action  of  ammonia  on  this  is  worthy  of  attention ;  it  caused 
four  bands  to  appear  bearing  a  close  resemblance  to  those  of  alkaline 
urohaematoporphyrin,  which  certainly  do  not  appear  in  a  similar 
sohition  of  hydrobilirubin,  while  the  urobilin  band  at  F  disappeared 
ill  toio\  the  fluid  becoming  lighter  in  colour.  The  narrow  faint  band 
in  red,  sp.  1,  Chart  I.  read  from  XG25  to  XG15,  and  was  only  seen 
in  very  deep  layers,  (the  spectrum  shown  in  sp.  1  being  a  combination 
of  three,  got  by  observing  Virce  depths  of  fluid,)  the  shading  before 
the  second  band  began  at  about  X597  and  extended  to  X581,  from 
which  number  the  second  band  beccime  darker  and  extended  to  X  500*5, 
the  third  reading  from  X  542  to  X  521*5.  The  total  disappearance  of  the 
band  at  F  at  once  distinguishes  this  colouring  matter  from  urohaemato- 
porphyrin. 

When  zinc  chloride  was  added  to  this  anmionia- treated  solution 
and  it  was  filtered,  it  showed  a  splendid  green  fluorescence  and  new 
bands  appeared :  sp.  2,  Chart  I.  in  a  deep  layer  and  sp.  3  in  a  less 
deep.  These  read  :  1st  from  X65:j  to  XG22,  2nd  from  X  587  to  X567-5 
in  ils  darker  jKut,  3nl  in  a  deep  layer  was  of  great  bre.ulth,  from  abont 
X518'5  to  X473,  while  in  a  shallower  layer  \t&  dirk  part  rea<l  from 
X5I7  to  X4!)k  The  darker  part  of  this  band  was  towards  the  red;  on 
its  violet  side  it  gradually  shaded  off;  this  as  I  formerly  showed  is 
a  characteristic  of  ]>atho1ogical  urobilin  (as  distinguished  from  normal). 
Zinc  chloride  alone  does  not  produce  these  bands,  although  it  does 
produce  a  green  fluorescence:  duller  than  when  ammonia  has  been 
previously  added.  The  band  nearest  violet  also  appeared  double, 
although  I  have  not  shown  this  division  in  sp.  4,  I.  which  represents 
the  combination  spectrum  of  a  deep  and  shallow  layer.  The  band  at 
D  read  fnmi  X583  to  X573,  with  a  shading  before  it  beginning  at 
about  X  007*5.  The  darker  part  of  the  band  next  violet  read  from  about 
X517  to  X  499,  with  a  shading  extending  towards  violet  as  shown  in 
the  diagram. 

Sodium  hydmxide  added  to  an  alcohol  solution  produco<l  preeipi- 
tation  ;  after  filtering,  the  solution  Wiis  of  an  orange  colour  and  slM>we<l 
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sp.  5,  L  (a  combination  spectriiin).  The  2iid  and  3rd  bands  sliaded 
off  into  each  other,  and  the  series  read  as  follows  : — 1st  from  X  653  to 
X  625  including  shadings,  dark  from  X  647  to  X  627*5, 2nd  X  597  to  X  577 
a  mere  shading;  3rd  from  X571  to  X559  (?).  The  dark  band  read  from 
X  520  to  X  494,  with  its  darkest  part  from  X  517—496. 

Potassium  hydroxide  produced  the  same  effect.  Sulphuric  acid 
made  an  alcohol  solution  redder  but  did  not  bring  out  the  sharp 
narrow  bands  characteristic  of  acid  urohaeraatoporphyrin.  This  solution 
showed  a  band  at  D  from  about  X  607'5  to  X  585,  another  from  X  562  to 
X535  and  the  black  urobilin  band  from  about  X  501  to  X  479  in  its  darker 
part. 

Hydrochloric  acid  produced  the  same  effect  Neither  acid  really 
bad  any  appreciable  effect  upon  the  spectrum. 

Here  then  is  a  typical  case  of  the  presence  of  pathological  urobilin, 
and  the  characters  given  above  will  serve  for  comparison  with  those  of 
the  other  colouring  matters  described  below.  But  the  action  of 
ammonia,  and  of  ammonia  and  zinc  chloride,  showed  that  the  colouring 
matter  owed  its  origin  in  part  at  least  to  haematin,  as  will  appear  by 
and  bye. 

Urohaeniatoporpht/rin-like  colouring  matter  from  a  case  of  supposed 
rheumatic  origin.    The  person  from  whom  the  urine  which  contiiined 
Uii.s  oolourin<<^  matter  was  obtained  had  h:ul   a  cliill,  and   dovel<>i)od 
"rheumatic"  symptoms  followed  by  albuminuria;  tlie  latter  disappeared 
and  was   followed   by   violent   fronted    lie:ulache  with  a   temperature 
varying  from  100"  to  102"  ¥.    The  specimen  was  obtained  while  the 
temperature  remained  high.     It  had  a  deep  yellow — ^approaching  an 
orange — tint.     Treated  with  some  sulphuric  acid,  a  trace  of  the  acid 
urohaematoporphyrin  bands  was  visible.     The  urine  was  precipitated 
with  neutral  and  basic  lead  acetate,  the  precipitate  separated  by  filter- 
ing, and  dec<>m]>osed  with  acidulated  alcohol  ('Ul^SO^  to  17  rect.  sp.). 
The   filtered  extract  gave   the  acid  urohaematoj>orphyrin  bands  well 
marked  sp.   6,  I.:   these  read  as  follows: — 1st  from  X597  to  X587; 
2nd  a  shading  about  X  577  to  X  567'5,  3rd  from  X  557  to  X  540,  and  4th 
from  X  504  to  X  483.     (Note  the  feebleness  of  shading  of  band  at  F  and 
compare  with  urobilin  baud.)     On  agitating  the  above  solution  (after 
dilution  with  water)  with  chloroform  this  assumed  a  yellow  colour,  and 
ou  evaporation  it  left  a  brown  residue  without  a  trace  of  red,  and  was 
shghtly  altered   by  heating   on   the   water  bath   as  it   was   not  now 
soluble  completely  in  chloroform,  the  chloroform  showing  the  urohaema- 
toporphyrin bands,  of  which  that  at  F  was  darker  than  before.     What 
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was  insoluble  in  chloroform  went  into  absolute  alcohol,  forming  a  dull 
brownish-yellow  solution  by  reflected  gaslight,  but  more  of  an  orange 
tint  by  transmitted  gaslight,  and  showing  the  bands  of  neutral  uroliae- 
roatoporphyrin. 

The  part  of  tho  above  residue  soluble  in  chloroform  may  be 
called  (A),  and  that  insoluble  in  chloroform  but  soluble  in  absolute 
alcohol  (B). 

(A)  On  evaporating  the  chloroform  a  brown  residue  was  left 
perfectly  soluble  in  absolute  alcohol,  having  a  reddish  yellow  tint  by 
transmitted  gas-light.  It  was  worthy  of  notice  that  in  this  solution  the 
band  at  F  was  darker  than  in  the  case  of  a  similar  solution  of  (B.) 
Otherwise  the  spectnim  was  that  of  noutml  urohaoniatoporphyrin,  but  I 
hesitate  to  give  the  measurements  of  the  bauds  as  they  were  very  faint. 
With  ammonia  however  there  was  only  one  band  in  red  as  shown  in  sp. 
7,  L  which  proves  that  this  pigment  had  gone  beyond  the  stage  of  true 
urohaematoporphyrin,  and  which  also  shows  the  close  connexion  between 
urohaematoporphyrin  and  pathological  urobilin.  The  band  at  F  did 
not  disappear  under  the  influence  of  the  ammonia  but  was  moved 
nearer  the  red  end,  as  in  the  case  of  urohaematoporphyrin. 

With  zinc  chloride  and  ammonia  a  green  fluorescence  was  obtained 
and  sp.  8 :  the  bands  of  which  read  as  follows : — 1st  band  in  its  darker 
part  from  X  585  to  X  553*5,  2nd  band  about  X  514  to  X  499. 

(B)  The  alcohol  solution  of  (B)  on  treatment  with  ammonia  also 
gave  sp.  7, 1.  And  the  band  at  F  was  not  removed  by  the  ammonia,  but 
was  shifted  nearer  the  red  end  and  made  less  distinct.     On  addincr  zinc 

o 

chloride  to  an  ammoniacal  solution  a  spectrum  similar  to  sp.  8, 1.,  was 
obtained  but  the  green  fluorescence  was  not  very  distinct  at  flrst,  but 
became  better  marked  on  standing.  It  was  noticeable  too  that  the  band 
which  is  produced  by  zinc  chloride  and  ammonia  in  the  case  of  patho- 
logical urobilin  was  not  in  this  case  nearly  as  dark,  nor  as  well  defmed. 

With  zinc  chloride  alone  only  an  attempt  at  a  green  fluorescence 
was  seen  and  two  narrow  bsuids  in  green  appeared,  as  well  as  one 
before  F ;  this  was  better  marked  on  allowing  the  solution  to  stand  for 
an  hour,  when  sp.  9,  I.  was  mapped.  These  bands  read  approxi- 
mately :— 1st  X  583  to  X  571,  2nd  about  X  549  to  X  532,  and  3rd  about 
X  517  to  X  501. 

The  spectra  of  these  solutions  were  somewhat  unsatisfactory,  but  on 
considering  all  the  characters  of  this  pigment  and  comparing  them 
with  what  follows  one  cannot  help  concluding  that  this  pigment  was 
intermediate  between  urohaematoporphyrin  and  pathological  urobilin. 
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It  had  features  commou  to  both  and  established  the  link  binding  them 
together  in  the  elcarost  manner,  and  proving  that  tlie  first  specimen 
of  pathological  urobilin  was  in  all  probability  derived  from  haematin  by 
reduction. 

UroliaeniatoporphyHn  from  a  case  of  vieasles.  The  urine  was  pale, 
and  showed  a  copious  deposit  of  whitish  urates.  Treated  with  a  mineral 
acid  a  faint  acid  urohaematoporphyrin  spectrum  appeared.  The  urine 
was  treated  precisely  as  before  (with  the  lead  acetates,  acidulated  alcohol 
and  chloroform).  The  acidulated  alcohol  iiltereil  extract  gave  the  follow- 
ing (:icid  urohaeniatoiX)rpliyriu)  bands:  1st  from  X597  to  X587,  2ud 
X555  to  X540,  3rd  from  \5048  to  X481.  The  solution  had  an  orange 
colour  (gaslight).  On  diluting  with  water  and  agitating  with  chloro- 
form the  latter  became  orange  yellow  (gaslight).  This  gave  also  the 
acid  urohaematoporphyrin  bands,  that  at  F  being  much  darker  than  in 
the  ai'idulatcd  alcohol  extract.  On  evaponition  a  dark  brown  residue  was 
left  soluble  in  alcohol,  ether,  chloroform,  &c. 

The  rectified  spirit  extract  was  brownish  and  gave  in  two  different 
layers,  sp.  10. 1.  Approximately  these  bands  read : — 1st  X630  to  X619, 
2nd  X  617*5  to  X  599,  3rd  X  531  to  X  555,  4th  X  538  to  X  520,  5th  X  506 
to  X481.  On  adding  ammonia  to  this  a  four-banded  spectrum,  sp.  11^ 
was  obtained,  whose  bands  measured  approximately  :  1st  X625  to  X  615, 
2ud  xr)S1  to  X5G2  (with  a  shading  before  it),  3rd  X540  to  X523,  and 
4tli  X511  to  X  494(/).  So  that  the  band  at  F  was  removed  nearer  the 
red  end  by  ammonia,  whereas  had  it  disappeared  the  pigment  could 
not  have  been  urohaematoporphyrin. 

With  ammonia  and  zinc  chloride  a  greenish  fluorescence  was  obtained, 
the  solution  being  yellow  in  thin  layers,  and  reddish  in  deep  layers 
(with  transmitted  gaslight) ;  and  after  standing  some  time  the  solution 
showed  sp.  12, 1. ;  the  bands  reading":  1st  X587  to  X 569,  2nd  X 547  to 
X529,  and  3rd  X 514  to  X 499. 

Zinc  chloride  alone  produced  nearly  the  same  bands  with  this  very 
important  exception :  that  the  band  at  F  was  not  narrowed  and 
did  not  move  towards  the  red  end  of  the  spectrum,  nor  did 
the  solution  show  any  distinct  green  fluorescence.  On  com- 
paring sp.  13 — this  spectrum — with  sp.  12,  this  difference  is  well  seen. 
The  1st  and  2nd  bands  gave  the  same  wave-length  measurements  as 

I  Tliiis  Hliuuld  liavo  yicldcil  a  flvc-Laiidcd  spcctrani,  but  the  prcscnco  of  ouo  or  of  two 
bands  in  red  seems  to  depend  on  trifling  dififercnces. 

•  A  shading  in  rod  iinpossiblc  to  mcosaro  was  present,  therefore  the  Ist  band  is  really 
the  2nd. 
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those  of  sp.  12,  the  third  however  read  from  \504  to  X481;  but  after 
standing  24  hours  it  read  from  \514  to  \499.  Caustic  soda  added 
to  an  alcohol  sohitiou  produced  similar  bands  to  those  produced  by 
ammonia,  giving  the  following  rcndingH:  1st  XdSf)  to  XdlT),  2nd  Xr»81 
to  X  502,  3rd  X542  to  X  520,  and  4th  X515-5  to  X490. 

Here  then  there  was  distinct  evidence  that  the  band  at  F,  which 
le  Nobel  would  have  belonging  to  urobilin,  really  belonged  to  the 
pigment  which  gave  the  bands  at  the  red  end  of  the  spectrum,  as  the 
action  of  ammonia  showed ;  and  all  the  bands  belonged  to  urohaemato- 
porphyrin.  One  of  course  cannot  absolutely  prove  that  some  traces  of 
urobilin  were  not  present  in  this  and  in  similar  cases,  but  one  can  prove 
that  the  principal  pigment  i)rescnt  was  urohaematoporphyrin,  and 
that  this  does  possess  a  band  at  F  like  urobilin. 

UrohaematoporphyrtJi'like  pigment,  Jkc,  from  a  case  of  meningitis. 
The  urine  was  orange  in  colour  and  siiowed  only  a  band  at  F,  but  on 
treatment  with  mineral  acids  I  perceived  a  faint  urohaematoporphyrin 
spectrum.  The  urine  was  as  before  precipitated  with  neutral  and  basic 
leail  acetate,  the  precipitate  after  separation  by  tilLoring  treated  with 
alcohol  acidulated  with  sulphuric  acid,  o(  tliQ  sain(i  sUcnt^lh  :ts  Ix^fore. 
The  acidulated  alcohol  extract  had  a  deep  red  colour  in  deep,  and 
an  orange  in  shallow  layers,  by  gas-light,  and  showed  the  following 
bands :  1st  X  597  to  X  587,  2nd  X  557  to  X  542,  3rd  X  500  to  X  475.  The 
last  band  was  very  broad  and  very  dark,  closely  resembling  that  of 
pathological  urobilin,  an  inference  which  was  supported  by  the  much 
redder  colour  of  the  solutions  than  in  the  last  case. 

The  chloroform  solution  (got  by  shaking  the  acidulated  alcohol 
extract  with  chloroform)  was  of  a  fiery  red  colour  in  deep,  and  orange  in 
thin  layers  by  gaslight;  in  it  the  urohaematoporphyrin  bands  were 
faint,  but  an  intensely  black  band  was  present  at  F.  It  began  at  X  511 
and  extended  to  X473.  This  solution  left  on  evaporation  a  red-brown 
residue,  not  the  dull  brown  of  urohaematoporphyrin. 

The  rectified  spirit  solution  of  this  residue  gave  sp.  14, 1.,  which 
represents  the  result  of  examining  three  different  depths  of  solution.  In 
spite  of  the  fact  that  although  the  principal  colouring  matter  here 
appeared  to  be  urobilin,  yet  on  adding  ammonia  the  spectrum  came  to 
resemble  that  of  alkaline  urohaematoporphyrin,  as  sp.  15  shows.  After 
standing  some  hours  this  fluid  without  any  zinc  chloride  showed  a  green 
fluorescence.  The  two  faint  bands  in  red  were  most  diflicult  to  mea- 
sure :  the  1st  may  have  been  from  X  647  to  X  030.  2nd  X  025  to  X  015,  the 
darker  part  of  3rd  X583  to  X559,  4th  X547  to  X520(?)  and  5th  about 
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X  514  to  X  499  (?).  The  last  got  much  darker  after  the  solution  had  stood 
for  some  hours.  With  ziuc  chloride  and  ammonia  a  fine  green  fluor- 
escence appeared ;  some  faint  bands  were  seen  in  red,  but  the  most 
prominent  bands  which  alone  could  be  mapped  are  shown  in  sp.  16,  that 
after  D  read  approximately  from  X585  to  \557  in  its  darker  part,  the 
other  from  X  512'5  to  X  501,  but  it  was  continued  into  a  less  shaded 
part,  extending  to  about  X  492. 

With  zinc  chloride  alone  sp.  17, 1,  appeared,  the  fluid  showing  a 
distinct  green  fluorescence.  The  bands  reading :  1st  X  583  to  X  567'5 
(in  its  darker  part),  2nd  about  X  549  to  532  (?),  3rd  in  its  darker  part 
X514  to  X499,  although  a  shading  extending  to  X473  was  visible.  On 
dilution  this  fluid  had  a  rose  tint  with  a  splendid  emerald  green  fluor- 
escence and  then  two  bands  at  F  were  visible.  The  first  one  darker  than 
the  second  from  about  X517  to  X499,  the  other  beginning  where  this 
one  ended,  and  extending  to  about  X48«).  After  the  lajisc  of  20  minutes 
only  the  first  of  these  w<is  visible,  but  after  standing  24  hours  the  dark 
baiul  of  sp.  17, 1,  wius  again  soon;  so  tliat  the  action  of  the  zinc  chloride 
was  only  transient  in  this  case.  On  diluting  the  fluid  which  showed  this 
dark  band,  the  latter  again  appeared  double ;  and  another  very  curious 
appearance,  which  doubtless  was  an  optical  delusion  due  to  contrast, 
was  this :  in  a  dilute  solution  the  band  nearer  red  seemed  the  darker, 
wherojus  in  a  atroiigor  solution  that  nearer  violet  appeared  the  darker. 

When  caustic  soda  was  added  to  the  rectified  spirit  solution  a  feeble 
band  appeared  in  the  red,  that  after  1)  was  darkened,  and  that  at  F  was 
at  once  replaced  by  a  narrow  dark  band.  These  read  approximately : 
1st  X  627 -5  to  597,  2nd  X581  to  X  553*5,  and  3rd  517  to  X499  in  its 
darker  part. 

The  separating  funnel  seemed,  after  the  chloroform  had  removed  the 
above  pigments,  to  contfun  a  considerable  amount  of  urohaematopor- 
phyrin,  and  even  a  second  extraction  still  left  some  present  in  t)ie 
acidulated  alcohol.  And  I  was  led  to  conclude  that  the  first  chloro- 
form extract  contained  much  pathological  urobilin  with  some  urohae- 
matoporphyrin,  the  second  more  of  the  latter  with  the  former  still 
present,  while  the  acidulated  alcohol  finally  contained  very  little  of  the 
former,  but  did  contain  the  latter.  To  compare  the  pigments  removed 
by  a  second  chloroform  extraction  with  those  just  described,  I  m<iy  add 
here  the  result  of  an  examination  of  solutions  of  the  pigment  obtained 
by  this  second  chloroform  extraction.  The  residue  was  of  a  reddish 
brown  colour.  Its  rectified  spirit  extract  gave  practically  the  same 
spectrum  as  sp.  14, 1.,  except  that  the  feeble  band  in  red  (not  figured) 

PH.  X.  6 


82  a  A.   MAGMUNN. 

waB  more  distinct,  and  read  about  \  627*5  to  X  616,  2nd  X  542  to  X  523  (?), 
the  band  at  F  being  quite  black,  and  reading  from  about  X  504  to  X  473 
including  shadings.  With  ammonia  the  bands  remained  much  the  same 
as  those  of  sp.  15,  L,  as  they  now  read:  1st  XG25  to  X61 5, 2n<l  in  its  dark 
part  X  581  to  X  557,  3rd  X542  to  X523,  and  4th  about  X  511  to  X  494. 
With  zinc  chloride  and  ammonia  the  spectrum  was  almost  the  same  as 
sp.  IG,  I.,  except  that  a  band  in  rod  from  XG25  to  XG15  was  visible  also. 

The  action  of  zinc  chloride  alone,  and  also  of  sodium  hydroxide, 
showed  that  in  the  second  chloroform  extract,  as  I  have  already  stated, 
relatively  more  urohaomatoporphyrin,  relatively  less  pathological  uro- 
bilin, was  present.  So  that  it  is  easy  enough  to  determine  in  a 
given  case  when  a  mixture  of  pigments  is  present. 

It  would  appear  that  zinc  chloride  enables  one  to  distinguish 
pathological  urobilin  from  urohaomatoporphyrin  and — as  will  after- 
wards be  shown — from  normal  urobilin. 

Urohaematoporphyrin  Jrom  a  case  of  typhoid  fever.  The  urine  was 
orange  in  colour ;  it  showed  some  shading  in  the  green  and  a  badly  defined 
band  at  F.  With  sulphuric  acid,  a  faint  shading  before  D  and  another 
in  green  wore  visible,  also  a  badly  marked  band  at  F.  These  bands 
seemed  to  be  those  of  acid  urohaematoporphyrin.  The  urine  was  treated 
as  before.  The  acidulated  alcohol  extract  of  the  lead  precipitate  was 
orange-red,  showing  the  following  bands  :  1st  X  599  to  X  585,  2nd  about 
X555  to  X538S  and  3rd  about  X  506  to  X479,  this  being  badly  defined 
at  the  edges.  It  was  noticeable  that  these  bands  were  extremely 
faint  at  first  and  got  gradually  darker,  showing  that  a  chro- 
mogen  (=le  NobeTs  urobilinoidiu?)  belonging  to  urohaemato- 
porphyrin was  present,  which  under  the  action  of  acid  and  air 
became  converted  into  the  latter  body.  On  agitating  with 
chloroform  and  evaporating  this,  a  brown  amorphous  residue  was  left. 
This  dissolved  in  rectified  spirit,  forming  a  yellow-red  solution,  show- 
ing the  neutral  urohaematoporphyrin  spectrum ;  on  adding  ammonia 
sp.  19,  I.  appeared,  the  band  before  F  not  being  there  shown,  which 
extended  from  X514  to  X492,  and  hence  belonged  to  urohaemato- 
porphyrin, not  to  pathological  urobilin.  With  ammonia  and  zinc 
chloride  a  green  fluorescence  was  obtained,  while  the  spectrum  appeared 
as  shown  in  sp.  20,  I.,  of  which  the  bands  read:  1st  X  585  to  X  571, 
2nd  X  553-5  to  X  532  and  3rd  about  X  514'  to  X494. 

1  A  shading  was  seen  like  that  of  Sp.  6,  I.  between  the  two  first  bands  mentioned 
above. 

•  Or  X  617. 
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This  pigment  is  therefore  urohaematoporphyriD,  and  I  do  not  think 
any  urobilin  was  present  with  it. 

PaOiclogical  urobilin  from  a  case  of  intraperitoneal  haemorrhage. 
The  specimen  of  urine  was  sent  to  me  from  University  College  Hospital 
by  Mr  Dean  and  Mr  J.  Rose  Bradford.  The  patient,  aged  35,  had 
been  operated  on,  on  April  19th,  for  the  radical  cure  of  hernia.  A  few 
hours  later  he  became  cold  and  collapsed.  Twenty-four  hours  after  the 
operation  the  temperature  rose  to  lOS'^'S  F.  And  in  the  course  of  12 
hours  it  fell  to  99**'6.  No  peritonitis  appeared  to  bo  present.  Until 
April  25th  the  urine  appeared  normal,  but  on  that  day  it  was  found  to 
contain  a-sixth  albumen  with  some  tube-casts,  but  no  blood  corpuscloa 
Now  a  pj^ori  one  would  expect  to  find  that  in  such  a  case  urohaemato- 
porphyrin  ought  to  be  present,  but  it  was  not;  the  pigment  being 
evidently  pathological  urobilin.  This  specimen  also  contained  indoxyl- 
sulphate  of  potassium,  skatol  (probably),  and  did  not  contain  either 
bilirubin,  haematin,  haemoglobin  or  methaemoglobin,  although  its  colour 
was  orange-red.  On  May  3rd  I  received  enough  fluid  to  enable  me  to 
thoroughly  examine  the  colouring  matters.  The  urine  was  treated  as 
before.  The  acidulated  alcohol  extract  was  at  first  a  bright  red  colour, 
becoming  duller  in  tint  after  standing;  a  deep  layer  showed  only  red  and  a 
little  green,  with  a  feeble  shading  before  D ;  in  a  thinner  layer  a  second 
in  «;n^cn  an<1  a  bkick  kind  at  F  wsik  scon.  Tito  ciilorofonn  extract  of  this 
showed  a  shading  before  D,  another  feeble  one  in  green  and  a  black 
band  at  F.  The  latter  began  at  about  X514,  was  deeply  shaded  at 
about  X  510  and  dark  up  to  X  479,  gradually  shading  off  to  about  X  464. 
Now  this  very  dark  broad  band  was .  not  seen  in  any  solution  of 
urohaematoporphyrin.  The  chloroform  left  on  evaporation  a  reddish- 
brown  residue,  which  when  dissolved  in  rectified  spirit  gave  sp.  1, 
Cliart  II.  the  band  at  D  reading  from  about  X  C05  to  X  573,  and  that  at 
F  about  X  504  to  X  477  in  its  darkest  pait,  and  being  continued  into  a 
shading  extending  towards  violet. 

With  ammonia  added  to  this  solution  sp.  2,  Chart  II.  was  seen,  the 
band  there  shown  beginniog  at  about  X601  as  a  feeble  shading  and 
becoming  darker  from  X  587  to  about  X  562 ;  and  the  band  at  F  had 
gooe,  leaving  no  trace  of  another  in  its  place. 

When  treated  with  ammonia  and  zinc  chloride  this  alcohol  solution 
showed  a  splendid  green  fluorescence  and  sp.  3,  Chart  II.  was  seen.  It 
was  impossible  to  measure  these  bands,  that  in  red  extended  to  about 
X  C25,  the  second  began  as  a  feeble  shading  about  X  601  and  got  darker  at 
X591,  extending  to  about  X  566,  the  band  before  F  in  its  darker  part 
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read  from  \  51 4  to  \  494  and  shaded  ofF  to  about  X  483  or  further,  towards 
violet. 

Zinc  chloride  alone  developed  also  a  splendid  green  fluorescence,  the 
band  at  F  being  shifted  towards  red,  and  not  being  double  :  it  began  to 
be  deeply  shaded  at  X  515*5  and  extended  quite  black  to  X496,  and  it 
was  continued  into  a  shading  which  extended  to  about  X483.  A  very 
marked  difference  is  here  noticeable  between  this  pigment  and  urohae- 
matoporphyrin,  as  can  be  seen  by  comparing  their  spectra,  while  it 
showed  many  resemblances  to  "biliary"  urobilin*. 

Pathological  urMlin-like  pigment  from  a  case  of  extravasation  ofhlood 
into  one  leg.  Contrasting  in  many  points  with  the  last  specimen  was  the 
next,  sent  to  mo  by  Prof.  Sidney  Ringer,  F.R.S.  Five  days  before  the 
urine  was  obtained  the  patient  had  had  blood  extravasatcd  into  one  log. 
This  specimen  was  also  orange  in  colour.  It  was  treated  with  sidphuric 
acid,  but  it  did  not  then  show  the  acid  urohaematoporphyrin  bands,  but 
instead  an  intensely  black  band  at  F.  It  was  treated  with  the  lead 
acetates,  &c.,  as  before.  The  acidulated  alcohol  extract  was  a  wine-red 
colour,  showing  traces  of  the  acid  urohaematoporphyrin  bands,  and  a 
very  black  band  at  F.  The  chloroform  extract  of  this  loft  a  reddish 
brown  residue  on  evaporation.  In  the  alcohol  (rect  spt.)  extract  of 
this  residue  only  one  band,  that  at  F,  from  about  X  504  to  X  470  (in 
its  darker  part)  could  be  seen.  When  ammonia  was  added  the  solution 
became  lighter  in  colour  and  gave  sp.  4,  Chart  II.  showing  an  undoubted 
origin  from  haematin ;  at  the  same  time  the  band  at  F  disappeared 
totally  and  was  not  replaced  by  another.  These  bands  gave  approxi- 
mately the  following  readings:  Ist  (doubtful)  X625  to  X  610,  2nd  a 
shading  beginning  at  about  X  597  and  extending  to  the  darker  part  or 
band  from  X685  to  X  559,  3rd  X  547  to  X  520. 

With  zinc  chloride  and  ammonia  a  fine  green  fluorescence  was 
seen  and  sp.  5,  Chart  II.,  which  is  drawn  from  a  deep  and  shallow 
layer.  The  1st  band  extended  from  about  XC47  to  X  025,  then  a  shading 
commencing  at  about  X  COS  and  extending  up  to  2nd  band  from  X  r>iS7 
to  X  562 ;  that  before  F  in  a  thinner  layer  in  its  darkest  part  read  from 
X  514  to  X  496,  and  was  continued  into  a  shading  of  about  its  own 
breadth  towards  violet 

With  zinc  chloride  alone  there  was  no  distinct  fluorescence,  a  feeble 
band  was  seen  just  after  D,  another  in  green  and  that  at  F  remained 
untouched.     The  bands  were  difficult  to  measure  and  gave  approxi- 

1  See  below. 
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matclj  the  following  readings  ?  let  about  X  585  to  X  5G7*5,  2nd  a  shading 
X  559  to  X  529,  that  at  F  remaining  as  before,  from  about  X  504  to  X  477, 
and  being  continued  into  a  shading  extending  towards  violet 

TToiia^  this  s|KH;imi3n  evidently  contained  a  pigment  showing  many 
points  of  resemblance  to  urohacmatoporphyrin.  Can  this  be  explained 
on  anatomical  grounds  ?  The  first  specimen  was  obtained  from  a  case 
where  the  haemorrhage  took  place  into  the  peritoneal  cavity,  the  second 
where  it  took  place  into  the  leg. 

The  occurrence  of  urobilin  (pathological)  after  blood  extravasations 
has  been  noticed  by  various  observers\  and  le  Nobel '  suggests  that  his 
urobilinoidin  may  have  been  mistaken  for  this,  but  in  the  first  of  the 
above  cases  it  was  not  "  urobilinoidin  "  but  pathological  urobilin  that 
was  present. 

Urohaemaioporphyrin  and  urobilin  from  a  case  of  peritonitis.  The 
urine  was  orange  in  colour  and  showed  faint  traces  of  the  urohaematopor- 
phyrin  bands  when  treated  with  sulphuric  acid.  The  colouring  matter 
was  obtained  as  before  by  precipitation  with  the  lead  acetates  &c 
The  acidulated  alcohol  extract  was  red  and  showed  the  bands  of  acid 
urohaematoporphyrin,  the  band  at  F  being  dark,  evidently  due  to 
mixture  with  pathological  urobilin.  The  chloroform  extract  from  this 
was  light  red  by  daylight  and  orange  by  gaslight  It  gave  a  black 
bsuul  like}  that  of  ]);itli()logic:il  urobilin  at  F  and  some  feeble  bands  in  tho 
reil  half  of  the  spectrum.    On  evaporation  it  left  a  browuisli  residue. 

This  residue  easily  went  into  rectified  spirit,  forming  an  orange  red 
solution  by  gaslight,  and  examined  in  a  deep  and  shallow  layer  gave 
sp.  6,  II. 

With  ammonia  the  colour  became  less  red  and  the  spectrum  appeared 
as  shown  in  sp.  7,  wherein  it  is  noticeable  that  the  band  at  F  was 
replaced  by  another  nearer  red,  but  this  was  very  faint  The  following 
readings  of  the  bands  produced  by  ammonia  are  approximately  true : 
Ist  X  659  to  X  G36,  2nd  X  625  to  X  612*5  ;  a  shading  from  X  601  going 
up  to  3rd  from  X  585  to  X  555, 4th  X  542  to  X  523  and  5th  a  shading  from 
X  514  to  X  492(?).  With  zinc  chloride  and  ammonia  a  well-marked  green 
fluorescence  was  obtained,  the  bands  appearing  much  as  before,  but  after 
standing  for  a  short  time  sp.  8,  II.  (mapped  from  a  deep  and  shallow 
layer)  appeared.  Of  which  the  bands  read  approximately:  1st  about 
X  653  to  X  630,  then  a  shading  at  X  597  extending  up  to  2nd  X  585  to 

^  E.g.  Kankel :  Vireh.  Arehiv,  Vol.  61,  and  ZeiU.  /.  phy$.  Chem.  iy,  y.  Gf.  Ziegler— 
Mac  Alistcr :  Path.  Atiai.  Arts.  C8,  and  2GS. 
'  Loe.  cit. 
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X  669,  3rd  X  652  to  X  632  and  4th  in  thinner  layer  from  X  614  to  X  494 
(=  darker  part,  the  band  being  faintly  shaded  to  about  X  483).  (CC  with 
the  3rd  reduction  product  of  acid  hacmatin  infra.) 

Zinc  chloride  alone  produced  a  well-marked  green  fluorescence,  an<l 
the  spectrum  produced  was  much  the  same  as  sp.  8,  11,  except  that  the 
first  band  was  missing ;  the  others  read :  1st,  in  its  darker  part,  X  583 
to  X  669,  2nd  X  550'5  to  X632,  3rd,  in  thinner  layer,  dark  from  X  517  to 
X499,  continued  into  a  shading  extending  towards  violet.  In  every 
instance  sodium  hydroxide  produced  almost  the  same  effect  as  ammonia; 
but  owing  to  its  having  produced  precipitation  as  a  rule,  I  have  not 
given  the  measurements  of  the  bands. 

The  above  examples  will  suffice  to  show  the  methods  necessary  fur 
the  detection  of  urohaematoporphyrin  and  for  distinguishing  it  from 
pathological  urobilin;  and  I  have  now  to  describe  how  the  former 
can  be  prepared  from  haematin.  To  enable  any  one  to  perceive  the 
connexion  between  the  artificially  prepared  colouring  matters  and  thase 
V'hich  occur  naturally  in  urine  I  shall  postpone  the  consideration  of 
normal  urobilin,  stercobilin,  hydrobilirubin  and  biliary  urobilin  until 
tlioso  artificially  jiroparcd  pigments  have  been  considered. 

Iliicniatopoi^plii/rin.  First  of  all  it  was  necessary  to  examine  hacma- 
toporphyrin  by  the  same  methods  as  those  just  referred  to,  and  to 
compare  it  with  the  other  artificially  prepared  pigments.  This  is  the 
more  necessary  as  much  confusion  has  crept  into  the  descriptions  of 
this  colouring  matter  of  late. 

Haematin,  prepared  by  the  method  described  in  this  JoumaP,  was 
dissolved  in  strong  sulphuric  acid  and  filtered  through  asbestos,  the 
filtrate  poured  into  water,  and  ammonia  added  until  all  the  haematopor- 
phyiin  was  precipitated,  the  precipitate  being  then  well  washed  with 
water.  It  was  then  dissolved  in  rectified  spirit  acidulated  with  sulphuric 
acid,  the  resulting  solution  being  deep  red  by  gaslight  in  a  deep  layer 
and  purple  red  in  thinner  layers.  For  a  moderately  diluted  solution 
the  following  measurements  were  obtained :  1st  band  from  X605  to  X589, 
darker  part  from  X603  to  X591,  then  a  shading  beginning  at  X583 
and  extending  to  X566,  where  it  became  darker,  the  band  extending  to 
X538.  This  is  shown  in  sp.  9,  II.  This  spectrum  differs  in  some 
respects  from  that  of  the  first  reduction  product  of  haematin  to  be 
described  further  on.  This  solution  was  now  agitated  with  chloroform, 
after  diluting  with  water.     The  chloroform  solution  thus  obtained  was 

1  Vol  VI.  Nob.  1  and  2.    I  followed  Hoppo-Soylor's  mctliod  in  preparing  hoomato- 
porphyrin. 
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a  deep  red  colour  and  gave  sp.  10,  II.,  the  bands  reading :  1st  X  630  to 
X610,  2nd  X610  to  \  593,  3rd,  including  shading,  X587  to  X645,  where 
the  bond  became  dark  and  extended  to  about  X526,  4th  X517  to  X490. 
On  evaporating  this  solution  on  the  water-bath,  it  left  a  dark  brown 
amorphous  residue,  which  in  thin  layers  had  a  decidedly  greenish  tint 
by  daylight.  It  was  soluble  in  ether,  chloroform,  benzene,  bisulphide  of 
carbon,  and  rectified  spirit  In  the  last  with  a  red  colour,  but  having  a 
purplish  tint  in  thin  layers.  A  rectified  spirit  solution  gave  sp.  11,  IL : 
the  bands  reading  as  follows:  1st  XG3G  to  X619i  2nd  a  feeble  shading 
from  about  XG12'5  to  X593,  3rd  X587  shaded,  dark  at  X  585,  and  from 
that  to  about  X  552,  4th  a  feeble  shading  from  X  545  to  X  526,  and  5th 
about  X515'5  to  X490.  With  ammonia  it  became  a  much  lighter  red 
colour,  and  gave  the  four-banded  spectrum  of  alkaline  haematoporphyrin 
sp.  12,  II. ;  the  bands  of  such  a  solution  reading :  1st  from  X  630  to 
617,  thou  a  lightly  shaded  part  from  X  605  to  X  587,  where  it  became 
darker  and  extended  to  X564,  3rd  X552  to  X529,  and  4th  X520  to 
X488. 

Zinc  chloride  and  ammonia  produced  a  copious  precipitate,  which  on 
filtering  off  left  the  solution  almost  colourless,  the  precipitate  being  a 
light  brown  colour.  On  getting  it  into  solution  again  only  the  spectrum 
of  alkaline  haematoporphyrin  was  seen,  no  green  fluorescence  being 
present. 

Zinc  chloride  alone  produced  no  change  in  a  rectified  spirit  solution. 

Sodium  hydroxide  produced  the  same  effect  as  ammonia. 

It  is  quite  evident  then  that  haematoporphyrin  is  a  different  colour- 
ing matter  from  any  of  those  I  have  described  in  the  previous  part  of  this 
paper,  and  differs  from  the  reduction  products  of  haematin  described 
below. 

Action  of  zinc  and  sulphuric  acid  on  haeniatin,  Haematin,  pre- 
pared by  the  method  mentioned,  was  dissolved  in  rectified  spirit  and 
sulphuric  acid.  At  4.10  p.m.  sulphuric  acid  was  added^  and  the  action 
commenced  at  once,  the  fluid  being  heated  on  the  water-bath.  At 
4.35  the  bands  of  acid  haematin  were  still  visible,  at  4.45  the  3rd 
haematin  band  from  the  red  was  getting  darker,  and  the  acid  haemato- 
{KKphyrin  baud  at  D  becoming  visible.  At  4.50  tlio  acid  haematopor- 
phyrin bands  were  fairly  well  marked.  At  5  the  band  in  red  of 
acid  haematin  could  hardly  bo  seen,  while  in  thin  layers  a  band 
between  green  and  blue  was  visible.    At  5.15  the  band  in  red  of 

1  In  a  Bmsll  flank  provided  with  a  perforated  oork  through  which  a  tabe  paned  to  allow 
of  the  escape  of  gas,  which  came  off  freelj. 
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acid  baematin  had  gone,  the  fluid  being  a  red  colour  (daylight).  The 
fluid  was  then  filtered.  It  had  a  deep  purple  red  colour  by  daylight, 
and  it  had  not  yet  reached  the  urohaematoporphyrin  stage  and 
yet  the  very  well-marked  3rd  band  was  seen.  This  is  a  dif- 
ferent result  to  that  obtained  by  le  Nobel.  The  spectrum  is 
shown  in  sp.  13,  II.  These  bands  read  as  follows :  1st  from  \  601  to 
X  585,  darker  from  X  507  to  X  589 ;  then  a  shading  beginning  at  X  570 
and  extending  to  about  X  560*5  and  dark  (band)  to  X  538 ;  3rd  from 
about  X529  to  X460  (in  a  thinner  layer).  This  solution  was  then 
agitated  with  chloroform.     We  may  call  the  pigment  in  solution 

(1)     Tlie  first  reditction  jyrodttct^. 

The  chloroformic  solution  gave  sp.  14, 11.,  the  result  of  examining 
a  deep  and  shallow  layer,  the  bands  of  which  read  as  follows :  Ist  X  653 
to  X041,  2nd  X630  to  X612-5  (dark  from  X625  to  X  615),  3rd  band  (or 
shading)  X603  to  X691,  4th  X  583  to  X  660-5  (=  two  bands),  5th  X  642 
to  X  626,  and  in  a  thin  layer  6th  X  514  to  X  473.  The  chloroform  left  on 
evaporation  a  brown  residue,  soluble  in  ether  (in  part),  in  rectified 
spirit,  chloroform,  &c.  Tlie  rectified  spirit  extract  gave  the  very  beau- 
tiful spectrum  shown  in  sp.  15,  II.,  the  bands  of  which  read :  Ist  X  627'6 
to  X615,  2nd  X604  to  X  507,  3rd  X504  to  X500,  then  a  shading  from 
X  585  to  X  573  where  4th  band  began,  and  it  ended  at  X  549,  5th  X  540 
to  X  517,  and  6th  in  a  thinner  layer  X  500  to  X  473. 

With  ammonia  added  to  the  rectified  spirit  solution  sp.  16,  II.  was 
oblaiiiod  :  the  bands  of  wliich  read  iw  follows  :  1st  X653  to  X (irWr*,  2ih1 
X625  to  X 612*5,  then  a  feeble  shading  begiuning  at  about  XGOl  and 
extending  to  X  585,  where  3rd  began,  and  this  extended  to  X  560*5,  4th 
in  its  darker  part  X538  to  X526  (its  shading  began  at  X545  and  ex- 
tended to  X  523),  5th  X  515*5  to  X  486  (dark  from  X  611  to  488).  When 
treated  with  ammonia  and  zinc  chloride  the  bands  read  just  the  same  as 
with  ammonia,  but  the  fluid  showed  a  green  fluorescence.  Zinc  chloride 
alone  did  not  develope  a  green  fluorescence,  although  it  did  produce 
some  slight  shifting  of  the  bands :  thus  they  now  read  :  1st  X  627*5  to 
X615,  2nd  X606  to  X600,  3rd  X606  to  X687,  4th  X681  to  X567-5, 
6th  X  657  to  X  649  (the  whole  shading  of  which  this  band  formed  a  part 
reading  X667  to  X520),  and  6th  X600  to  X473.  Hence  zinc  chloride 
did  not  produce  any  narrowing  of  band  at  F. 

1  In  calling  these  ihe  Ist,  2nd  and  drd  rednotion  products  I  do  not  mean  to  maintain 
that  these  were  the  only  products  formed.  There  may  be  any  number  of  intermediate  ones. 
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Sodium  bydroxide  produced  tko  same  effect  as  ammonia. 

It  is  quite  evident  from  a  study  of  sp.  13,  II.  that  this  pigment 
had  not  yet  reached  the  stage  of  urohaematoporphyrin.  When  the  acid 
solution  was  first  removed  from  the  water-bath  it  was  much  lighter  than 
when  it  had  stood  some  time. 

(2)    Second  reduction  product 

The  Kohition  from  whicli  the  al)ovo  had  l)ocn  removed  was  at  3.25 
next  day  again  heated  with  zinc  and  sulphuric  sicid  on  the  water-bath, 
At  3.55  the  spectrum  had  not  changed;  at  4.30  the  colour  had  become 
lighter:  being  then  reddish-brown.  Now  the  band  at  D  and  that  in 
green  were  lighter  than  before,  that  at  F  being  much  darker,  sp.  17,  II. 
This  spectrum  shows  that  the  pigment  was  further  changed,  which  can 
l>e  seen  by  comparing  sp.  18,  II.  with  sp.  17,  II.  Those  bands  read: 
1st  X597  to  X587,  2nd  X557  to  X  543*5,  3rd,  in  a  thinner  layer,  began 
to  be  feebly  shaded  at  X529,  dark  at  X514  and  extended  to  X473.  On 
agitating  with  chloroform  the  latter  became  orange  with  a  tinge  of 
purple,  and  showed  a  band  in  red  besides  the  others,  sp.  18,  II.  These 
bands  read:  1st  X630  to  X617(?),  2nd  X 601  to  X589,  3rd  X 660*5  to 
X543'5,  4th,  in  thinner  layers,  X506  to  X475  (in  thicker  layers  a 
shading  began  at  X52G  and  extended  up  to  the  last  band). 

This  chloroform  solution  left  on  evai)oration  a  sepia-brown  amor- 
phous residue,  which  when  dissolved  in  rectified  spirit  formed  a  brown- 
ish-orange solution,  showing  sp.  19,  II.  (a  combination  spectrum).  These 
bands  read :  1st  merged  into  the  absorption  of  red  end  of  spectrum,  2nd 
X625  to  X  612*5,  then  an  uncertain  shading  before  D,  3rd  X583  to 
'  X  560-5,  4th  X  540  to  X523,  and  5th  in  thinner  layer  X509  to  X473, 
dark  from  X501  to  X475.  Now  on  comparing  sp.  19  with  sp.  15  a 
difference  is  apparent,  although  it  is  a  very  slight  one,  as  the  measure- 
ments show.  With  ammonia  this  rectified  spirit  solution  became 
lighter  in  colour  and  gave  sp.  20,  II.  (note  the  band  nearest  violet 
which  is  narrowed  by  the  ammonia) ;  the  bands  of  which  read :  Ist  X  653 
to  638*5,  2nd  X625  to  X  612*5,  3rd  X583  to  X560'5  (with  a  shading 
before  it),  4th  X  538  to  X  523.  and  5th  X  514  to  X  490  (=  darker  part,  the 
whole  band  reading  X  517  to  X485). 

Zinc  chloride  and  ammonia  left  the  bauds  in  the  same  position  as 
with  ammonia,  but  the  fluid  had  a  faint  green  fluorescence,  and  the 
baud  nearest  violet  was  darkened.  With  zinc  chloride  alone  a  rectified 
spirit  solution  had  a  purplish   tint  and  did  show  an  attempt  at  a 
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green  fluorescence,  and  gave  sp.  21,  II.  From  which  it  is  seen 
that  now  the  pigment  is  coming  to  resemble  the  urohaema- 
toporphyrin  described  above.  These  bands  read: — 1st  X625  to 
X  605  (?),  2nd  X  683  to  \  564,  3rd  X  549  to  X  529  (?),  4th  (in  thinner 
layer)  X5l7  to  X494  (=  darker  part,  the  whole  band  and  shading  from 
about  X  520  to  about  X  473). 

(3)     Third  reduction  product. 

The  solution  from  which  the  last  had  been  removed  was  again 
heated  with  zinc  and  sulphuric  acid  on  the  water-bath,  as  it  had 
not  yet  reached  the  stage  of  urohaematoporphyrin,  as  can  be  seen  by 
comparing  the  above  results  with  those  given  in  the  former  part  of 
this  paper. 

The  experiment  began  at  6.12  p.m.  At  7.18  the  fluid  was  of  the 
colour  of  pale  sherry,  having  evidently  been  completely  reduced  (and 
having  reached  the  stage  of  urobilinoidin  of  le  Nobel).  It  now 
showed  a  feeble  shading  at  D  and  a  dark  band  at  the  blue  end  of 
green.  After  standing  exposed  to  the  air  the  fluid  became  darker, 
until  it  bcci\mc  of  an  orange  colour,  in  fact  tin*,  same  colour  lus  a 
solution  of  urohaematoporphyrin;  it  then  gave  sp.  1,  111.  The  first 
band  seemed  at  first  somewhat  hazy,  but  afterwards  became  more 
distinct.  The  bands  of  the  solution  read: — 1st  X597  to  X585,  2nd 
X657  to  X542  and  in  a  thinner  layer  3rd  band  began  to  be  feebly 
shaded  at  X  523,  dark  at  X  504,  dark  up  to  X  477,  and  shaded  off  to 
about  X  473. 

When  agitated  with  chloroform  all  the  pigment  went  into  solution, 
and  when  the  chloroform  was  evaporated  the  residue  was  of  a  brown 
colour,  having  the  peculiar  smell  which  freshly  prepared  urobilin  or 
urohaematoporphyrin  has. 

The  rectified  spirit  solution  was  deep  red  in  conceutmted  solution, 
by  transmitted  gaslight,  red-brown  in  less  deep  layers,  and  gave  sp.  2, 
III. ;  of  which  the  bands  read  : — 1st  X  653  to  X  638*5  merged  into  rod 
end,  2nd  X  625  to  X  615,  3rd  X603  to  564,  4th  X542  to  X523  (?)  and 
5th  in  a  more  dilute  solution,  began  as  a  feeble  shading  at  X511, 
darkened  at  X  504,  extended  dark  to  X  477,  and  shaded  gradually  off 
to  about  X  473. 

With  ammonia  the  rectified  spirit  solution  became  lighter  in  colour 
(yellow  with  an  excess)  and  sp.  3,  III.  appeared,  which  is  evidently  the 
spectrum  of  alkaline  urohaematoporphyrin' ;  the  bands  then  reading: — 
^  The  band  nearost  Tiolet  U  nearer  the  red  than  it  appears  in  eome  oases. 
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l8t  X  653  to  \  638'5,  2iid  X  G25  to  X  512*5,  then  a  shading  commencing 
about  X  COl  and  extending  to  3rd  band  from  X  583  to  X  562,  4th  X  540 
to  X526  and  5th  in  a  thinner  layer  X517  to  X494,  while  in  a  still 
thinner  layer  it  read  X514  to  X494.  Comparing  these  measurements 
with  those  of  the  pigments  of  pathological  origin,  there  cannot  be  the 
shadow  of  a  doubt  that  here  urohaematoporphyrin  had  been  artificially 
produced,  and  I  would  lay  particular  stress  on  the  band  nearest  violet ; 
for  we  see  that  whereas  in  the  case  of  pathological  urobilin  it  may  bo 
absent  or  replaced  by  a  mere  shadow,  here  it  is  tolerably  dark. 

The  action  of  zinc  chloride  and  ammonia  was  no  less  characteristic. 
The  solution  under  the  influence  of  these  reagents  was  reddish  yellow ; 
it  showed  a  green  fluorescence  and  gave  sp.  4,  III.,  of  which  the  bands 
read:— 1st  X653  to  X 638-5,  2nd  X625  to  X612-5,  then  a  shading 
beginning  at  about  X  601  and  extending  to  3nl  band,  from  X  585  to 
X562,  4tli  dark  from  X  517  to  X494  and  then  gradually  shading  off 
towards  violet.  The  last  band  corresponds  also  with  that  of  a  similar 
solution  of  the  pigment  of  pathological  origin.  Sonic  slight  differences 
exist  between  the  feeble  bands,  but  these  are  of  no  consequence. 

Zinc  chloride  alone  produced — as  it  does  with  the  corresponding 
solution  of  the  pathological  pigment — darkening  of  the  band  at  D  and 
intensification  of  that  nearest  violet  sp.  5,  III.,  moreover  the  fluid 
IKxsKcsRcd  a  greenish  fluor(\sconcc.  The  bands  of  this  solution  read : — 
1st  X625  to  XG07'5,  then  a  feeble  shading  from  about  X5i)7  up  to 
X  585,  2nd  band  X  585  to  X  566,  3rd  X  549  to  X  532,  4th  dark  part 
X  517  to  X  494,  shading  gradually  off  towards  violet. 

It  would  therefore  appear  that  the  band  at  F  in  acid  solution,  the 
green  fluorescence  with  zinc  chloride  and  ammonia,  the  shifting  of  band 
at  F  towards  red  with  ammonia,  are  as  characteristic  of  urohaematopor- 
phyrin as  of  urobilin,  and  there  appears  to  be  no  valid  reason  for 
cuiicluding  that  wo  must  assume  the  existence  of  a  new  pigment — 
"  urobilinoidin  " — in  this  case\ 

Reduction  of  Haematin  with  Sodium  Amalgam. 

Haematin  prepared  by  the  method  referred  to  above  was  dissolved  in 
rectified  spirit  containing  a  little  miuoous  soda  and  filtered.  This  gave 
the  spectrum  of  alkaline  haematin.  Sodium  amalgam  being  then 
introduced  into  the  flask  (which  was  provided  with  a  tube  run  through 
the  cork)  it  was  gently  heated  on  the  water-bath. 

^  TliiB  beiiig  merely  the  chromogen,  or  farther  redaoed  condition  of  urohaemato- 
porphyrm. 
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The  experiment  began  at  9.10^;  at  9.25  a  narrow  band  had 
appeared  in  the  green  and  one  at  the  blue  end  of  green  darker  than 
the  former,  but  still  the  alkaline  haematin  band  was  present.  At  9.29 
the  second  band  was  darker.  At  9.38  the  band  of  alkaline  haematin 
at  D  was  seen  to  be  changing  and  another  began  to  appear  in  the 
extreme  red,  the  band  between  green  and  blue  being  the  darkest 
of  all.  At  9.46  the  fluid  gave  sp.  6,  III.,  which  closely  resembled  uro- 
haematoporphyrin,  but  it  had  not  really  reached  that  staga  We  may 
call  the  pigment  in  solution  at  this  stage  the 

(1)    First  reduction  product. 

The  dark  red  solution,  from  which  sp.  6,  III.  was  mapped,  gave  the 
following  bands:— 1st  X665  to  X644,  2nd  \636  to  \ 617,  3rd  X 607-6 
to  X681,  4th  X649  to  X627'5  and  6th  in  a  thinner  layer  X  616*5  to 
X490(?). 

Sulphuric  acid  was  now  added  to  acidity,  when  the  fluid  became  a 
bright  red  colour  and  gave  sp.  7,  III.,  from  which  we  see  tliat  even  at 
this  early  stage  a  band  at  F  was  present,  i.e.  the  .stage  prior  to  the 
formation  of  true  urohaematoporphyrin,  so  that  here  ag<ain  one 
can  prove  that  le  Nobel's  statement  is  not  correct,  as  he  says  the  band 
at  F  does  not  occur  until  after  this  stage.  These  bands  read : — 1st 
X  644  to  X  619  (?),  2nd  X  607-5  to  X  691,  3rd  X  666  to  X  638  (?)  and  4th 
about  X  606  to  X  479  (=  darker  part). 

This  solution  was  tlien  agitated  with  chloroform  (after  dilution  with 
water):  the  chloroform  became  purple-red,  took  up  all  the  pigment 
except  a  trace,  and  gave  sp.  8,  III. ;  of  which  the  following  are  the 
measurements  of  the  bands : — 1st  X  666  to  X  622,  2nd  X  607-5  to  X  593, 
3rd  feeble  shading  X  585  to  X  577,  4th  X  567-5  to  X  542,  and  5th  began 
to  be  feebly  shaded  at  about  X  623,  then  became  dark  at  X  606  and  was 
dark  to  about  X  479. 

On  evaporating  the  chloroform  it  left  a  violet-brown  residue,  which 
dissolved  in  rectified  spirit  with  a  purplish  tint,  and  gave  sp.  9,  III., 
the  bands  of  which  read  : — 1st  X  036  to  X  615,  2nd  feebly  shaded  at 
X  689,  dark  at  X  681  and  extended  to  X  564,  3rd  X  547  to  X  624-5,  and 
4th  X  617  to  X  483  (?). 

With  ammonia  the  solution  became  orange  rod  and  gave  sp.  10,  III. 
of  which  the  bands  read :— 1st  X  665  to  X  641  (?),  2nd  X  636  to  X  617,  3rd 

1  From  time  to  time  the  action  may  have  been  lessened  owing  to  my  having  to  examine 
the  spectram. 
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a  shading  beginning  at  X  G07'5  and  extending  to  the  darker  part  from 
X  585  to  X  562,  4th  X  545  to  X526,  and  5th  about  X  614  to  X  490. 

With  ammonia  and  zinc  chloride  there  was  an  attempt  at  a  green 
fluorescence,  the  bands  reading: — 1st  X662  to  X641,  2nd  XG36  to 
X617,  3rd  a  shading  from  X610  and  extending  to  darker  part  from 
X  586  to  X  562,  4th  X647  to  X429  and  5th  X  624  to  X490  (?).  There- 
fore  the  addition  of  these  reagents  produced  no  marked  change. 

With  zinc  chloride  alone  sp.  11,  III.  was  produced,  showing  that 
some  change  had  taken  place  (this  is  evident  on  comparing  this 
spectrum  with  sp.  0,  III.).  These  bands  read : — 1st  X  663  to  X  619  (?), 
2nd  a  shading  at  about  X  596,  the  band  becoming  dark  at  X  589  and 
extending  to  X571,  3rd  X  555  to  X529  (?)  and  in  a  thinner  layer  4th 
X  514  to  X  481.  This  last  band  is  quite  different  from  the  corresponding 
one  of  urohaematoporphyrin. 

(2)    Second  redtiction  product. 

The  solution  from  which  the  above  had  been  removed  was  further 
reduced  with  sodium  amalgam  until  the  solution  showed  sp.  12,  III.  It 
got  much  redder  after  standing  exposed  to  the  air.  The  bands  shown 
in  sp.  12  read  :— 1st  X665  to  X641  (?),  2nd  X  636  to  X  615,  3rd  X601  to 
X  566,  4th  X  555  to  X  526  including  shadings,  and  6th  X  517  to  X  490. 
The  fluid  was  now  treated  with  sulphuric  Jicid  to  acidity  (reserving 
a  part  for  further  reduction).  It  was  filtered  from  the  sodium  sulphate, 
and  had  a  red  colour  with  a  faint  tinge  of  purple  and  gave  sp.  13,  III. 
The  feeble  shading  of  band  nearest  violet  was  remarkable.  The  2nd  very 
narrow  band  is  also  worthy  of  notice,  as  I  had  previously  seen  it  in  a 
similar  solution  of  urohaematoporphyrin  from  Addison's  disease  and 
acute  rhellmatism^  These  bauds  read  :  1st  X  607*5  to  X  591,  2nd  about 
X  583  to  X  573,  3rd  X  566  to  X  538,  4th  uncertain.  After  dilution  witli 
water  the  solution  was  now  agitated  witli  chloroform,  which  assumed  a 
reddish  yellow  colour,  and  gave  the  same  bands  as  sp.  13,  only  altered  in 
position.  On  evaporating  the  chloroform  a  brown  residue  with  a  pur- 
plish tint  was  left,  but  by  daylight  it  had  a  brownish  green  colour. 
It  was  partially  soluble  in  ether,  and  in  rectified  spirit.  The  rectified 
spirit  solution  had  a  purplish  tint  and  gave  sp.  14,  III.,  from  which 
it  appears  that  the  colouring  matter  had  not  yet  reached  the 
urohaematoporphyrin    stage.     The   bands  read    as    follows: — 1st 

1  Soe  this  Journal,  Vol.  yi.  Nos.  1  and  2,  p.  3G,  8rd  line  from  bottom  of  page.     Also 
Vol  vn.  No.  3,  PL  VIII,  and  Vol.  viii.  No.  0,  PI.  XI. 
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X 633  to  \  619,  2nd  about  X  610  to  X  599,  8rd  about  X 585  to  X  5505, 
4th  X  543-5  to  X  521-5,  and  5th  X  514  to  X  488  (?). 

Ammonia  made  this  solution  a  lighter  red  colour,  and  produced  a 
spectrum  closely  resembling  alkaline  haematoporphyrin,  of  which  the 
bands  read :— 1st  X  633  to  X  615,  2nd  in  its  dark  part  X  585  to  X  5G2 
with  an  ill-defined  shading  before  it, '3rd  X  545  to  X  526,  and  4th  about 
X  514  to  X  488. 

With  zinc  chloride  and  ammonia  the  bands  remained  practically  the 
same,  so  that  the  urohaematoporphyrin  stage  had  not  been  yet  readied, 
as  stated  above. 

(3)     TTiird  reduction  product 

After  half-an-hour's  further  action  the  fluid  showed  a  new  spectrum, 
and  on  standing  exposed  to  the  air  it  assumed  an  orange  colour  and 
gave  sp.  15,  III.  The  shading  before  D  began  at  about  X  625,  the 
band  beginning  to  be  darker  at  X  597  and  extending  to  about  X  573, 
2nd  a  faint  shading  from  about  X  562  to  X  529,  and  3rd  about  X  514  to 
X  490. 

On  acidulating  with  sulphuric  acid  until  the  reaction  wns  decidedly 
acid  the  bands  read :  1st  X  605  to  X  591,  2nd  about  X  562  to  X  545, 
3rd  in  its  dark  part  X  501  to  X  473,  but  these  measurements  were 
uncertain.  On  agitating  with  chloroform  the  latter  became  yellow  and 
gave  sp.  16,  III.  with  the  above  measurements,  differing  slightly  owing 
to  the  nature  of  the  solvent.  On  evaporating  the  chloroform  a  brown 
residue  was  left  which  had  the  same  smell  as  freshly  prepared  urobilin. 

The  rectified  spirit  extract  of  this  residue  was  reddish  or  yellowish 
red,  by  transmitted  gaslight ;  a  thin  layer  showing  a  dark  band  at  F 
and  a  thicker  layer  sp.  17,  III.  The  following  are  only  approximate 
measurements  of  the  bands,  owing  to  the  difficulty  of  reading  them: 
1st  band  invisible,  2iid  X  605  to  X  591, 3rd  X  562  to  X  549, 4th  X  506  to 
X  479  (=  darker  part). 

With  ammonia  precipitation  was  produced;  after  filtering  sp.  18, 
III.  was  obtained,  which  if  belonging  to  alkaline  urohaematoporphyrin 
wants  one  band  in  the  red :  these  bands  read : — 1st  X  633  (or  636)  to  X 
617,  then  a  shading  at  X  605  (?),  2nd  band  began  at  X  587  and  ex- 
tended to  X  562,  3rd  X  547  to  X  529,  and  4th  X  514  to  X  490. 

When  an  alcohol  solution  was  treated  with  ammonia  and  zinc 
chloride,  the  1st,  2ud  and  Sixl  bands  remain  much  the  same  as  before, 
but  the  4th  band  was  markedly  intensified ;  and  a  faint  green  fluores- 
cence was  perceptible. 
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Zinc  chloride  alone  did  not  cause  the  baad  at  F  to  move  towards 
the  red  nor  was  any  very  distinct  fluorescence  perceptible.  Hence 
reducing  agents  differ  in  their  action  on  hacmatin,  for  although  uro- 
hacinatnporphyrin  was  pmduccd  by  sodium  amalgam,  yet  its  spectra 
differed  slightly  from  those  of  the  pigment  produced  by  zinc  and 
sulphuric  acid.  I  also  tried  the  action  of  zinc  dust  on  alkaline 
haematin  and  satisfied  myself  that  a  band  appeared  at  F  before 
the  urohaematoporphyrin  stage  was  reached,  but  with  this 
reagent  also  other  products  of  reduction  were  formed,  differing  in  some 
respects  from  those  formed  by  the  above  reducing  agents. 

Before  leaving  this  subject  I  should  like  to  remark  once  more  that 
an  inspection  of  le  Nobel's  plate  and  a  comparison  of  that  with  mine 
will  clearly  show  that  his  isohaematoporphyrin  was  not  the  same 
colouring  matter  as  that  which  I  at  one  time  called  "  urohaematin," 
what  he  took  for  this  substance  was  a  product  of  reduction 
which  had  not  yet  reached  the  urohaematoporphyrin  Stage. 

Normal  Urobilin. 

I  may  now  describe  normal  urobilin  and  show  how  it  differs  from 
pathological  urobilin,  urohaematoporphyrin  and  other  colouring  matters 
to  be  described  further  on.  In  the  paper  referred  to  at  the  beginning 
of  (liiK,  T  Haiti  that  I  ha<l  prnpanMl  an  i<1entical  RuhstMance  by  the  action 
of  |)croxide  of  hydrogen  on  ^u'id  haonmtin.  lle8|K'cting  this  le  Nobel 
rcm«arks: — ^"Denn  auch  die  Angabe  MacMunn's  nach  welcher  es 
gelingt  aus  Haematin  mittelst  Wasserstoffsuperoxyd  Urobilin  darzu- 
stellen,  bedarf  noch  sehr  einer  genauen  Nachpriifung,  und  ist  meiner 
Meiuung  nach  mindestens  zweifelhaft/'  It  is  not  at  all  ''zweifelhaft/'  and 
it  has  received  a  **  genauen  Nachpriifung,''  as  I  shall  show  further  on. 
In  the  first  experiment  some  litres  of  normal  urine  were  treated  as 
before  with  the  lead  acctatas,  acidulated  alcohol  and  chloroform. 

The  acidulated  alcohol  extract  of  the  lead  precipitate  was  a  dull 
brown  or  yellow  brown,  not  the  red  brown  of  pathological  urobilin ;  it 
gave  a  band  at  F  with  ill-defined  edges,  and  no  matter  how  deep  the 
layer  of  fluid  this  band  never  appeared  broad  and  black  like 
the  baud  of  pathological  urobilin.  A  deep  layer  showed  a  faint 
haze  in  orange ;  the  band  at  F  read  from  X  502*3  to  \  481,  but  its  edges 
gnulually  thinned  out,  so  that  it  was  not  easy  to  say  where  it  began  or 
ended,  and  it  had  not  a  less  shcided  part  extending  towards  the  violet. 
For  compaiison  with  other  solutions  I  have  mapped  the  spectrum  of 
a  deep  and  shallow  layer  of  this  acidulated  alcohol  solution  :  sp.  1,  and 
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2,  Chart  IV.    After  standing  exposed  to  the' air  this  solution  became 
redder,  owing  to  the  oxidation  of  a  chromogen  or  chromogens. 

On  diluting  with  water  and  agitating  with  chloroform  this  became 
yellow,  although  in  deep  layers  it  seemed  orange-yellow,  and  it  left  on 
evaporation  a  residue  which  was  brown  in  thicker  parts,  and  yellow  in 
thinner  ones. 

On  dissolving  the  residue  in  alcohol,  a  red  solution  (by  gaslight)  was 
obtained ;  of  which  a  deep  layer  transmitted  red  and  a  little  green ; 
a  shallow  one  gave  an  ill-defined  band  at  F.  I  fancied  I  could  perceive 
a  faint  band  before  D  from  X  6075  to  X  593  (?),  that  at  F  read  X  504  to 
X  477.     Sp.  3,  IV.  represents  the  latter  band. 

Treated  with  ammonia  and  filtered  a  deep  layer  scorned  to  give  a 
very  faint  band  in  red  sp.  4,  IV.  but  there  was  no  band  after  D,  and  the 
band  at  F  had  disappeared  in  toto  or  left  the  faintest  possible  shadow. 

With  zinc  chloride  and  ammonia  a  yellow  solution  with  a  fine  green 
fluorescence  was  obtained,  giving  sp.  5,  IV.  The  bands  were  faint,  so  that 
the  following  measurements  arc  only  approximate  : — Ist  X  650  to  X  025, 
2nd  in  its  darker  part  X  587  to  X  571,  with  a  shading  before  it,  3rd 
(darker  part)  X514  to  X490,  and  this  had  not  the  sjmuo  kin<l  of  shmling 
as  the  band  of  pathological  urobilin,  as  it  did  not  shade  off  towards 
violet  like  it. 

Sodium  hydroxide  in  excess  caused  precipitation,  but  after  filtering 
some  new  bands  appeared,  which  read  approximately:  1st  X  653  to  X  625, 
then  an  uncertain  one  at  D,  and  3rd  X  514  to  X  496. 

On  standing  exposed  to  the  air  the  band  at  F  seemed  to  become  darker: 
this  I  believe  must  have  been  due  to  the  presence  of  a  second  cliromogcn, 
as  I  formerly  inferred,  probably  the  chromogen  of  pathological  urobilin, 
or  what  is  the  same  thing,  that  of  stercobilin.  Therefore  in  operating 
on  normal  urobilin  one  should  carry  out  its  separation  as  quickly  as 
possible. 

In  a  second  experiment  the  acidulated  alcohol  showed  exactly  the 
same  spectra  as  before  ;  after  the  evaporation  of  the  chloroform  extract 
of  this,  a  brown  amorphous  residue  was  left.  The  alcohol  solution 
of  this  residue  was  of  a  brown  colour,  more  red  by  gaslight ;  in  a  deep 
layer  I  fancied  I  could  see  some  shading  before  D,  in  a  thin  layer  it 
•showed  a  band  at  F  from  X  504  to  X  477,  and  this  had  the  same  characters 
as  those  referred  to  above. 

With  ammonia  no  bands  could  be  seen,  witli  it  and  zinc  chloride  the 
fluid  did  not  show  much  fluorescence,  this  being  a  dull  green.  Shifting 
of  the  band  at  F  took  place,  but  this  band  did  not  show  a  less  shaded 
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part  extending  towards  F ;  but  in  the  red  and  at  the  commencement  of 
green  some  feeble  bands  were  visible  :  all  these  read :  1st  X  650  to  X  625, 
2nd  (darker  part)  \  587  to  X  571,  3rd  X  514  to  X496. 

Zinc  chloride  alone  did  not  cause  a  green  fluorescence,  and  did  not 
affect  the  band  at  F ;  in  my  fonner  results^  I  found  however  that  it  did 
affect  the  band.  It  would  appear  therefore  that  too  much  stress  should 
not  be  laid  on  this  reaction.  What  is -of  more  importance  is  the  absence 
of  green  fluorescence,  but  possibly  that  too  may  vary.  Sodium  hydroxide 
caused  the  band  at  F  to  disappear,  but  with  an  excess  a  faint  shading 
was  seen  replacing  it  from  X  514  to  X  496.  I  missed  this  in  my  former 
experiments  (in  1880)  owing  to  the  use  of  less  perfect  spectroscopes. 

Sometimes  we  come  upon  normal  urobilin  which  shows  more  resem- 
blances to  pathological  urobilin  than  the  above.  As  I  remarked  in 
the  paper  quoted  above*,  ''The  pigment  may  sometimes  appear  more 
brown  than  brown  yellow  in  colour,  and  in  that  case  it  shows  a 
tendency  to  imitate  febrile  urobilin  in  its  behaviour  with  the  caustic 
alkahes,  for  on  their  addition  a  feeble  band  may  be  noticed  nearer  the 

red  than  the  original  band The  colour  depends  upon  the  amount  of 

oxidation  to  which  it  has  been  subjected  in  the  body,  as  well  as  on  its 
artificial  preparation." 

The  following  experiment  illustrates  the  necessity  of  separating 
normal  urobilin  (inickly.  Nonnal  urino  was  treated  as  before. 
The  acidulated  alcohol  extract  of  the  lead  precipitate  was  at  first 
a  dull,  then  a  deep  yellow  ;  and  the  solution  was  let  stand  for  several 
hours,  so  that  possibly  the  other  chromogen  referred  to  above  may  have 
become  oxidised ;  still  the  band  at  F  was  not  like  that  of  pathological, 
but  resembled  that  of  normal  urobilin. 

The  chloroform  extract  was  dull  yellow  and  showed  a  faint  red  tint 
where  its  edge  touched  the  white  dish  (as  I  showed  in  the  paper  quoted 
above).  The  residue  from  this  solution  was  brown,  showing  no  trace 
of  red.  The  rectified  spirit  solution  was  brown,  being  a  dark  yellow  in 
thinner  layers  with  transmitted  daylight.  It  showed  some  shading  in 
green  and  the  band  at  F  from  X504  to  X479.  When  ammonia  was 
added  to  this  some  feeble  bands  too  faint  to  be  measured  were  just 
visible,  viz.  a  feeble  shadow  before  D,  another  after  D  and  a  third  near 
E.  With  zinc  chloride  and  ammonia  a  faint  green  fluorescence  was  seen, 
and  now  a  band  or  rather  shading  appeared  in  the  red,  another  at  D, 
and  the  band  at  F  was  replaced  by  another  nearer  the  red,  the  last  from 
X  517  to  X  494. 

*  Proc.  Boy.  8oe.  loc.  cU.  *  Proc.  Roy.  Soc.  loe.  eit. 
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Zinc  chloride  alone  produced  sp.  6,  TV.,  showing  as  before,  that  the 
band  at  F  had  not  moved  towards  red.  Approximately  these  read : — 
1st  X  683  to  X  571,  2nd  X  549  to  X  523  ?  and  tliat  at  F  X  50G  to  X  479. 
Here  evidently  the  second  chromogen  was  present. 

Action  of  Peroxide  of  Hydrogen  on  Acid  Ild&inatin,  Acid  hacmatin 
prepared  by  acting  on  sheep  blood  with  rectified  spirit  acidulated  with 
sulphuric  acid  (1  in  17)  and  filtering,  without  further  preparation  was 
treated  with  freshly  prepared  peroxide  of  hydrogen  until  the  acid 
haematin  bands  had  gone,  leaving  a  band  between  green  and  blue  from 
about  X504  to  X481.  It  was  then  agitated  with  chloroform  in  a 
separating  funnel ;  the  chloroform  became  reddish  yellow,  or  orange 
yellow,  with  a  reddish  tint  where  it  touched  the  side  of  the  white  dish, 
and  showed  a  distinct  band  from  X  504  to  X  481,  looking  exactly  like  the 
band  of  normal  urobilin.  It  was  then  evaporated  and  left  a  brown 
pigment  having  a  peculiar  smell  recalling  to  mind  that  of  freshly  pre- 
pared urobilin ;  this  was  soluble  in  the  solvents  of  normal  urobilin,  but 
owing  to  the  faintness  of  the  band  at  F,  I  proceeded  to  slightly  reduce  it 
with  sodium  amalgam.  A  rectified  spirit  extract  was  dihitod  with  water 
and  placed  in  a  small  flask  with  an  exit  tube  and  sodium  amalgam 
added.  After  a  little  time  it  became  orange  red  in  colour  and  thou 
showed  two  bands  placed  closely  together,  which  read :  1st  X  543*5  to 
526,  2nd  X  521*5  to  X  501  (?).  It  was  then  treated  with  sulphuric  acid 
to  acidity  and  became  red  in  colour ;  a  deep  layer  absorbed  all  the  violet 
end  of  the  spectrum  up  to  near  D,  while  in  a  thin  layer  a  dark  band 
became  detached  from  about  X  504  to  X  475.  The  chloroform  extract 
from  this  showed  a  band  from  X  504  to  X  481  (=  darker  part)  and  had 
a  red  colour.  On  evaporation  this  left  a  deep  brown  residue  which  had 
the  peculiar  smell  noted  above.  It  dissolved  readily  in  rectified  spirit, 
forming  a  red  dish- brown  solution;  in  a  deep  layer  transmitting  only 
the  red  rays,  in  less  deep  it  showed  a  very  ill-defined  shading  near  D, 
while  in  shallower  layers  still,  a  band  was  seen  at  F,  shown  in  sp.  7,  IV., 
which  read  from  X  504  to  X  479. 

With  ammonia  no  band  at  F  or  elsewhere  could  be  seen. 
With  ammonia  and  zinc  chloride  a  well-marked  green  fluores- 
cence was  obtained  and  sp.  8,  IV.  appeared,  and  this  showed  a  most 
remarkable  likeness  to  normal  urobilin  even  to  the  feeble  band  in  red 
which  probably  read  from  X  647  to  X  625  (or  X  650  to  X  625),  the  other 
from  X517  to  X496  or  X494,  also  corresponding  to  that  of  normal  uro- 
bilin*.  The  fluorescence  too  was  a  dull  green  as  in  the  caae  of  the  latter. 

^  The  band  after  D  was  however  miBBing,  bat  it  is  probably  not  oonetant  in  the 
speotmm  of  normal  urobilin. 
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Zinc  chloride  alone  however  shifted  the  band  at  F  nearer  the  red,  from 
X517  to  \494.  This  was  owing  doubtless  to  my  having  reduced  the 
pigment  too  much,  as  its  action  showed  it  was  approaching  to  the  stage 
of  pathological  urobilin. 

Sodium  hydroxide  produced  a  similar  band. 

I  am  convinced  then  from  this  experiment  that  normal  urobilin  is 
mostly  a  metabolite  of  haematin  produced  in  the  organism  by  the  action 
of  nascent  oxygen  on  haematin. 

StercobilifL  I  have  already  in  this  Journal  ^  described  the  spectrum 
of  stercobilin,  but  at  that  time  I  was  not  aware  of  the  importance  of  the 
feeble  bands  in  its  solutions,  and  missed  most  of  them,  for  in  spectroscopic 
analysis  as  well  as  in  telescopic  observation  having  once  seen  a  thing 
one  recognises  it  with  greater  readiness  again.  In  the  case  of  stercobilin, 
as  in  that  of  other  colouring  matters,  we  meet  with  the  pigment  in 
various  stages  of  preparation,  so  that  its  spoctni  vary  slightly.  It  was 
prepared  in  the  same  manner  as  that  described  in  my  former  paper*.  An 
acidulated  filtered  alcohol  extract  (17  parts  of  rect  spt  to  3  H,SO  J,  after 
dilution  with  water,  being  shaken  with  chlorofonn  and  the  latter 
evaporated  on  the  water-bath.  The  acidulated  spirit  extract  was  of  a 
very  deep  red  colour  (transmitted  gaslight),  showing  in  a  deep  layer  a 
band  covering  D,  and  in  a  less  deep  a  band  at  F.  A  very  feeble  shading 
Ix^an  at  X625,  got  darker  at  X610  and  extended  to  about  X5G9,  in  a 
deep  layer,  while  in  a  shallower  one  it  reail  from  XGIO  to  X573;  a 
feeble  shading  in  green  was  also  seeu,  and  a  band  at  F,  from  about  X  50G 
to  X  479. 

The  extract  obtained  by  agitating  this  solution  with  chloroform  was 
of  an  orange  colour,  and  gave  three  feeble  bands  and  a  fourth  dark 
one,  all  reading :— 1st  X  612-6  to  591,  2nd  X589  to  X5G7'5,  3rd  X  660-5 
to  X529,  and  4th  in  its  darker  part  X50G  to  X481.  On  evaporation 
this  left  a  brown  residue. 

Dissolved  in  rectified  spirit  this  furnished  a  reddish-brown  solution 
showing  a  band  at  D,  and  one  at  F,  sp.  9,  IV.  which  read :  1st  shaded 
at  X  617,  dark  at  607*5  to  577,  where  it  gradually  shaded  off  to  X569, 
2nd,  dark  part  X  504  to  X  479,  whole  band  X  509  to  X  475. 

Treated  with  ammonia  sp.  10,  IV.  appeared. 

These  bands  read  approximately: — 1st  X636  to  X619,  (?)  then  a 
shading  at  about  XGIO  extending  to  2nd  band  X587  to  X5G2,  3rd 
X549  to  X  526,  and  in  a  thin  layer  4th  X  517<X  494  ?     So  that  ammonia, 

^  This  Journal,  Vol.  ti.  Nob.  1  and  3,  p.  81  and  following. 
'  Loc.  eit, 
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as  in  the  case  of  urohaematoporphyrin,  caused  the  band  at  F  to  be 
replaced  by  another  nearer  the  red  end  of  the  spectrum.  With 
ammonia  and  zinc  chloride  a  green  fluorescence  appeared  and  the  bands 
shown  in  sp.  11,  IV.  (which  was  mapped  from  a  deep  and  shallow  layer 
of  fluid).  These  read :  let  \  656  to  X  622,  and  dark  from  X  053  to  \  630, 
2Dd  commenced  as  a  shading  at  X  607'5  extending  to  X  593,  where  it  got 
darker  and  extended  to  X569,  3rd  X555  to  X532,  and  4th  X514  to 
X  496,  shaded  off  to  X  488. 

Zinc  chloride  alone  developed  a  fine  green  fluorescence  and  the 
bands  seen  in  sp.  12,  IV.,  appeared;  reading : — 1st,  a  shading  commencing 
at  X  607*5,  extending  to  the  band :  X  591  to  X  569,  2nd,  a  shading  X  556 
to  X532?,  3rd  in  shallow  layer,  X  515*5  to  X499  shading  off  to  about 
483.  Sodium  hydroxide  caus6d  a  band  to  appear  from  about  X  653  to 
X625,  then  an  ill-defined  shading  beginning  at  about  X610,  darker  at 
X  593  and  shaded  off  to  about  X  569,  3rd  a  shading,  perhaps  X  549  to 
X  529,  and  4th  in  a  thinner  layer  X  520  to  X  499.  Hence  this  colouring 
matter  resembles  pathological  urobilin  very  closely.  In  fact  it  may  be 
considered  identical  with  it. 

In  the  next  experiment  there  was  a  trace  of  some  oxtranoous  colour- 
ing matter  present,  perhaps  chlorophyll  from  food,  still  I  shall  give  the 
results  as  the  influence  of  this  chlorophyll  (?)  may  be  allowed  for.  The 
acidulated  alcohol  extract  was  a  wine-red  colour  and  gave  sp.  13,  IV., 
which  is  the  result  of  combining  the  spectra  of  three  different  layers  of 
fluid.  These  bands  read;— 1st  X671  to  X647,  2nd  X636  to  X615, 
3rd  X562  to  X538,  and  4th  in  a  thinner  layer  X504  to  X477.  On 
diluting  with  water  and  agitating  with  chloroform  an  orange  coloured 
solution  was  obtained.  On  evaporating  this  a  brown  residue  was  left 
soluble  in  ether,  alcohol,  chloroform,  partially  in  bisulphide  of  carbon 
and  benzene.  It  is  unnecessary  to  map  the  spectra  of  all  these  solutions, 
as  their  bands  were  the  same  as  in  the  alcohol  solution,  being  simply 
changed  in  position  by  the  nature  of  the  solvent.  The  rectified  spirit 
extract  of  the  residue  was  orange-brown  in  colour  (by  daylight,  and  red 
by  gaslight);  in  a  deep  layer  giving  a  very  broad  band  at  D  and  in 
shallower  a  black  one  at  F.  The  shading  of  that  before  D  began  at 
X636,  it  became  darker  at  X610  extended  dark  to  X577,  and  shaded 
off  to  X566;  that  at  F  began  to  be  shaded  at  X514,  was  black  at 
X  505  up  to  X  479  and  shaded  off  to  about  X  473.  I  cannot  explain  how 
it  was  that  this  rectified  spirit  solution  differed  in  spectrum  from  the 
other  solutions,  such  as  chloroform,  and  benzene,  as  all  the  residue 
was  soluble  in  spirit. 
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When  a  rectified  spirit  extract  was  treated  with  anmionia  the  same 
spectrum  as  sp.  10,  lY.,  and  giving  the  same  readings  appeared,  the  band 
at  F  being  replaced  by  a  shading  nearer  red. 

With  zinc  chloride  and  ammonia,  sp.  11,  IV.  was  seen,  of  which  the 
bands  read: — 1st  about  X653  to  X625,  then  a  shading  about  XGIO, 
extending  to  2nd  band  \  593  to  X  569  (?)  3rd  X  552  to  X  529  (?)  and 
4th  in  its  darker  part  X  515*5  to  X  496,  gradually  shading  off  to  X  483  (?). 

With  zinc  chloride  alone  a  fine  green  fluorescence  appeared,  and  the 
spectnnu  of  a  deep  and  shallow  layer  is  shown  in  sp.  14,  IV.  The 
readings  wore*  shading  at  X615,  extending  to  1st  band  X 503 to  X569, 
2nd  band  about  X  559  to  X532(?)  3rd  in  its  dark  part  X518'5  to  X496 
and  shaded  off  to  X  483  or  beyond  it. 

Sodium  hydroxide  developed  bands  very  like  the  last  but  with  an 
additional  one  in  red  sp.  15,  IV.,  these  read  approximately: — 1st  X653 
to  X  025,  then  a  shading  at  X  610  extending  to  X  597,  where  it  got  darker 
and  extended  to  X569,  3rd  X552  to  X532,  and  4th  in  thinner  layer 
from  X  518*5  to  X  499  in  its  darker  part;  gradually  shading  off  to  about 
X  483.     These  results  therefore  confirm  the  former  ones. 

Stercobilin  therefore  possesses  in  acid  solution  a  black  band  at  F 
like  that  of  pathological  urobilin,  it  shows  in  the  feeble  bands  produced 
by  various  reagents  an  undoubted  parentage — in  part  at  least — from 
h.'u^inatln.  It  differs  markedly  from  normal  urobilin,  from  urohaemato- 
porphyrin,  and  as  I  shall  now  show  from  hydrobilirubin.  It  gives  like 
pathological  urobilin  a  green  fluorescence,  with  zinc  chloride  alone,  and 
its  band  at  F  moves  towards  the  red  with  that  reagent,  this  band  being 
shaded  off  towards  violet  as  in  the  case  of  pathological  urobilin.  In 
fact  as  I  formerly  stated  there  is  no  difference  worth  mentioning  be- 
tween these  two  pigments. 

Preparation  of  IlydrobUirubiiu 

I  have  now  to  show  that  hydrobilirubin  is  not  identical  with  any  of 
the  above  colouring  matters,  but  bears  a  very  remarkable  resemblance 
to  a  body  present  in  bile,  which  I  formerly^  named  the  *' urobilin  of 
bile.''  I  have  prepared  hydrobilirubin  several  times  and  each  time 
an'ived  at  the  same  conclution. 

Pure  bilirubin  was  in  all  the  following  experiments  used  for  pre- 
paring hydrobilirubin.  This  bilirubin  was  thus  prepared :  Brown 
human  gallstones  were  finely  powdered,  extracted  with  ether,  boiled 

^  Proe*  Roy,  Soc.  loc,  cit. 
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with  water,  then  treated  with  dilute  hydrochloric  acid,  washed  with 
water,  dried,  extracted  with  chloroform,  the  filtered  chloroform  extract 
evaporated  down,  the  residue  extracted  with  ether,  then  with  alcohol, 
the  residue  left  after  the  extraction  by  the  latter  solvent  dissolved 
in  chloroform ;  this  was  concentrated  by  evaporation,  and  as  it  went 
down  absolute  alcohol  was  added  which  precipitated  out  the  bilirubin  as 
a  fine  orange-coloured  powder. 

Instead  of  merely  suspending  the  bilirubin  in  water  I  dissolved  it  in 
a  weak  solution  of  sodium  hydroxide,  introduced  it  into  a  small  flask 
provided  with  an  exit  tube,  added  some  sodium  amalgam  and  gently 
heated  it  on  the  water-bath.  Owing  to  the  very  abundant  frothing  I 
had  to  add  a  little  absolute  alcohol.  One  hour  after  the  beginning  of 
the  experiment  the  solution  had  become  a  dull  brownish  colour,  and 
then  it  had  lost  its  strong  absorptive  power  tor  the  violet  end  of  the 
spectrum.  When  a  little  was  removed  from  the  flask  and  hydrochloric 
acid  added  it  became  a  kind  of  green  colour  and  showed  a  band  at  F. 
After  one  hour  and  12  minutes  had  elapsed  (from  the  beginning  of 
experiment)  the  fluid  had  become  a  dirty  brown-yellow.  After  two  hours 
and  five  minutes  it  had  a  dirty  yellow  tint,  and  floating  on  the  surface 
was  some  dark-colotiring  matter,  evidently  a  bye-product  On  filtering, 
the  filtrate  became  much  darker  (and  on  shaking  some  with  air  it  became 
darker  still) ;  on  the  filtering  paper  some  dark  blue-green  deposit  was 
left  (A).  The  •  filtrate  was  a  kind  of  olive-brown-yellow  (gaslight). 
Examined  with  the  spectroscope  it  showed  in  a  deep  layer  two  bands : 
one  in  red,  another  just  after  D  and  a  feeble  shading  at  the  blue  end  of 
green.  On  adding  hydrochloric  acid  the  colour  became  much  darker, 
being  reddish  by  transmitted,  but  having  a  bluish  tint  with  reflected 
gaslight  And  it  then  gave  a  spectrum  like  that  of  the  Qmelin- 
Heintz  reaction  at  an  early  stage;  (sp.  16,  IV.)  at  that  stage 
when  the  baud  after  D  is  just  beginning  to  appear.  This  is  very 
important,  as  it  shows  that  here  the  change  is  not  due  to  reduction,  but 
to  oxidation,  or  to  a  splitting  up  of  the  pigment  These  bands  read  : 
1st  \  619  to  X  581,  then  a  shading  after  D,  3rd  \  606  to  X  481.  A  pre- 
cipitate  was  produced  in  this  solution  by  the  hydrochloric  acid,  which 
is  generally  supposed  to  be  hydrobilirubin  since  Maly  first  described  it'. 
This  precipitate  (B)  was  filtered  off,  it  had  a  dark  bluish  green  colour. 
From  the  colour  of  this,  evidently  the  pigment  had  not  undergone 
sufficient  reduction,  but  as  the  results  obtained  by  the  examination  of 

1  Ann.  Cliem,  Pharm.  Bd.  161,  S.  368,  and  Bd.  163,  S.  77. 
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this  and  of  the  deposit  (A)  led  to  interesting  results  I  think  it  necessary 
to  give  a  description  of  them. 

Disque^  indeed  asks  the  question  "  Wie  lange  soUte  nun  reducirt 
wcnlcn,  um  rcines  Urobilin  zu  erhalten?"  And  he  then  adds  "Nach 
Maly  so  lange  bis  die  FlUssigkeit  rothbraun  sei  und  sich  nicht  mehr 
heller  farbe."  The  fluid  from  which  (B)  was  separated  was  a  fine  red- 
violet  by  transmitted  gaslight.  On  agitating  it  with  chloroform  the 
latter  assumed  a  violet  colour,  and  then  showed  three  bands  evidently 
corresponding  to  those  which  occur  at  the  violet  stage  of 
the  Umcliu-lleiutz  reaction,  and  which  resemble  in  many  respects 
those  of  the  bilicyanin  of  Heynsius  and  Campbell'.  One  before, 
another  after  D,  and  one  at  F ;  these  read  approximately :  1st  X  622  to 
X597,  2nd  about  X577  to  \542,  3rd  \609  to  X481.  (Sp.  17.  IV.) 
On  evaporating  this  chloroform  solution  on  the  water-bath  a  dark  brown 
residue  (C)  was  left.  It  became  slightly  changed  by  heating,  as  anyone 
can  see  who  repeats  this  experiment. 

I  shall  now  describe  in  detail  the  results  of  examining  each  pigment 
separately.  But  I  may  remark  that  Disqu^  is  correct  when  he  says: 
"Es  scheint  sich  also  ein  Zwischenprodukt  zu  bilden,  welches  dann  in 
Hydrobilirubin  ubergefiihrt  wird,  bei  der  weiteren  Behandlung  mit 
Natriumamalgam  wird  aber  das  Hydrobilirubin  selbst  veriindert,  so  dass 
cs  nicht  wolil  moglich  ist  durch  diese  lleduction  allein  einen 
reinen  Korper  zu  erhalten."  Further  he  says:  " Die  ganze  dunkle 
f:ust  schwarzc  Chloroformlosung  wurdc  auf  Uhrglasern  durch  Stehen 
an  der  Luft  verdunstet.  £s  blieb  ein  dunkler  griin  metallisch 
gliinzender  Korper  zuriick." 

(C)  This  residue  went  easily  into  absolute  alcohol,  forming  a  brown- 
violet  solution ;  with  transmitted  gaslight  it  had  a  deep  red  colour.  It 
g:w(!  a  band  just  before  D,  another  between  D  and  E  and  a  dark  one  at 
F :  reading :  1st  X  G22  to  X  589,  2nd  X  5G9  to  X  538  and  3rd  X  506  to  X 
479.  Treated  with  ammonia  this  solution  became  of  a  lighter  colour  and 
then  two  new  bands  appeared,  that  at  F  having  totally  disappeared, 
these  are  shown  in  sp.  19,  IV.  With  zinc  chloride  and  ammonia  a  green 
solution  with  a  red  fluorescence  was  obtained  giving  sp.  20,  IV.  This 
is  remarkable  for  two  reasons : — (1)  its  remote  likeness  to  chlorophyll, 
(2)  its  resemblance  to  a  similar  body  which  I  shall  show  to  be  present 
in  human  bile.  These  bands  read  as  follows:  1st  X665  to  X615, 
and  dark  from  X 659  to  X 6275,  2nd  X 603  to  X 571,  and  3rd  X 517  to 

1  ZeiU,  /.  phy$ioL  Chem.  II  Band,  4  Heft.  1878,  S.  263. 
*  Cf.  Le  Noble,  loc,  cit. 
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X490,  and  darker  part  X612'6  to  X496.  With*  ziac  chloride  alone 
the  colour  of  a  rectified  spirit  solution  became  a  kind  of  greenish 
brown  with  a  greenish  fluorescence  and  similar  bands  to  the  last-de- 
scribed were  seen  :  sp.  1,  chart  V.  In  a  deep  layer  these  read :  1st  X 
6G8  to  XG22  and  darker  from  X662  to  X  630,  2nd  X603  to  X671,  and 
in  a  thinner  layer  3rd,  X  521-6  to  X496,  and  dark  part  X  515*5  to  X  501. 
The  last,  too,  was  shaded  off  towards  violet  like  the  band  of  pathological 
urobilin  and  stercobilin. 

With  sodium  hydroxide  a  rectified  spirit  solution  became  a  kind  of 
bronze  colour  and  gave  on  standing  sp.  2,  V.  of  which  the  bands  read 
approximately:  1st  X668  to  X 627*5,  2nd  an  uncertain  shading,  3rd, 
X  514  to  X  499. 

(A)  This  was  the  deposit  which  was  obtained  on  filtering  the 
solution  after  it  had  been  acted  upon  with  the  sodium  amalgam; 
it  was  insoluble  in  absolute  alcohol,  ether,  chloroform,  and  in  cold 
rectified  spirit,  but  on  boiling  with  the  latter  a  little  went  into  solution 
with  a  greenish  yellow  colour.  In  rectified  spirit  acidulated  with 
sulphuric  acid  it  dissolved,  forming  a  purple  solution  which  showed  a 
band  before  and  another  after  1),  but  did  not  show  a  dark  band  at  K 
Hence  this  was  merely  a  changed  bile-pigment.  It  also  dissolved  in 
rectified  spirit  containing  sodium  hydroxide,  but  in  this  it  gave  no 
bands. 

(B):  the  precipitate  which  formed  in  the  solution  after  adding 
hydrochloric  acid  (which  according  to  Maly  is  hydrobilirubin)  was  a 
dark  dirty  blue-green  powder.  It  dissolved  in  absolute  alcohol  forming 
a  very  dark  green  solution.  Owing  to  the  loss  of  colouring  matter, 
Disqu^'  abbreviated  Maly's  process  by  dissolving  the  precipitate  in 
alcohol,  then  adding  chloroform,  acid  and  much  water,  and  shaking 
the  mixture.  Accordingly,  I  diluted  the  solution  with  water,  added  some 
hydrochloric  acid  and  then  shook  with  chloroform  in  a  separating  funnel. 
The  chloroform  assumed  a  fine  green  colour ;  this  solution  was  loft  to 
evaporate  at  the  temperature  of  the  air  and  finally  loft  an  amorphous 
residue  which  on  a  watch-glass  appeared  with  transmitted  day-  and 
gas-  light  green  in  its  thinner  parts,  but  almost  black  in  thicker 
parts. 

A  portion  went  into  absolute  alcohol,  forming  a  dark  green  solution 
showing  only  one  discernible  band,  that  at  F  from  X504  to  X486(?). 
With  ammonia  the  colour  became  a  lighter  green,  and  then  showed  an 

1  Loc.  cit.  S.  2G4. 
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ill-defined  shading  in  red,  the  band  at  F  being  gone.  With  zinc  chloride 
and  ammonia  the  green  colour  became  lighter  and  now  a  red 
fluorescence  was  seen  and  the  following  bands:  Ist  X662  to  X619, 
2nd  X  603  to  \  573,  and  3rd  (about)  X  515-6  to  X  496— sp.  3,  V.  With 
zinc  chloride  alone  the  colour  remained  green  and  yet  the  solution 
showed  some  green  fluorescence  and  the  following  bands :  1st  X  662  to 
X622,  2nd  about  X601  to  X571,  3rd  (darker  part)  X517  to  X604., 
sp.  4,  V. 

Now  it  was  quite  evident  that  the  action  of  the  sodium  amalgam  . 
had  uot  gone  on  long  enough  in  this  experiment,  but  still  the  experi- 
ment was  important  in  showing  that  sodium  amalgam  produces 
substances  which  are  identical  with  those  which  arise  during  Qmelin's 
reaction ;  one  of  which  gives  a  red  fluorescence  and  a  band  in  red,  and 
is  identical  with  or  nearly  related  to  a  substance  which  occurs  naturally 
in  bile — as  will  be  shown  further  on. 

In  the  next  experiment  the  bilirubin  was  prepared  as  before, 
and  dissolved  in  a  weak  solution  of  sodium  hydroxide  to  which  some 
rectified  spirit  was  added  to  prevent  frothing.  It  was  then  heated  on 
the  water-bath.  At  first  the  colour  became  darker,  but  after  two  hours' 
action  it  had  assumed  a  brownish-yellow  colour  and  the  solution  was 
then  filtered ;  on  filtering  it  became  much  darker ;  being  a  deep  dark  red, 
by  (.nviismitUnl  gaslight.  A  very  small  (piantity  of  a  <lark  green  byo- 
]»nMlnct  (A)  was  left  on  the  filtering  pajxjr.  A  mo<lcratcly  deep  layer  of 
the  (iltcrod  solution  gjwo  sp.  5,  V.,  the  fourth  band  of  which  became 
better  marked  after  standing.  These  bands  read  as  follows : — 1st  X  64i4> 
to  X619,  2nd  X606  to  X573,  3rd  X655  to  X  532,  (?)  4th  (in  a  thinner 
layer)  X  614  to  X  494.  This  solution  was  then  acidulated  with  hydro- 
chloric acid,  when  it  became  very  much  darker  and  gave  a  band 
covtTing  1),  while  a  band  bccanic  dotJM;hc<l  at  Y  with  its  darker  part 
from  X504  to  X475.  A  small  (juautity  of  a  precipitate  (B)  formed, 
which  after  filtering  appeared  on  the  filtering  paper  as  a  greenish 
powder.  The  acid  filtrate  after  dilution  with  water  was  shaken  with 
chloroform  in  a  separating  funnel.  The  chloroform  became  brown-violet 
in  colour,  and  on  evaporation  on  the  water-bath  loft  a  dark  brown 
residue  (C)  which  by  daylight  had  a  brown-violet  tint  This  residue 
had  a  peculiar  smell,  reminding  of  freshly  prepared  urobilin.  The 
chloroform  solution  of  this  residue  was  violet-red  in  colour  and  gave  sp. 
6,  v.;  it  differs  firom  sp.  17,  IV.,  in  the  position  of  the  second  band,  but 
this  was  due  to  the  fact  that  in  the  present  instance  the  pigment  had 
become  more  changed  than  in  the  former  one.    These  bands  read: — 1st 
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Xei9  to  X591,  2iid  X587  to  X545,  Srd  in  a  thinner  layer,  X506  to 
X481  (=  dark  part).  I  now  proceed  to  give  the  results  of  an  examination 
of  the  pigments  (C),  (B),  and  (A). 

(0)  The  rectified  spirit  extract  of  (0)  was  a  deep  red  hy  trans- 
mitted gaslight  and  did  not  give  two  hands  at  D,  but  one,  sp.  7,  V. ;  the 
bands  of  which  read :  Ist  X  010  to  X  549,  including  shadings,  2nd  in  a 
thinner  layer  began  to  be  shaded  at  X  511,  became  black  at  X  504  up  to 
X  477,  and  shaded  gradually  off  to  X  469. 

With  ammbnia  a  band  appeared  at  D  and  that  at  F  disappeared. 
With  ammonia  and  zinc  chloride  the  colour  of  the  solution  appeared 
bronze-green  or  brownish  and  showed  a  dull  reddish  fluorescence,  and 
gave  sp.  8  and  9,  V ;  the  bands  of  whicli  read :  1st  X  053  to  X  607*5,  2nd 
X  601  to  X  560*5  (in  a  concentrated  solution),  then  in  a  thinner  layer 
black  part  of  Srd  band  X517  to  X494,  where  it  shaded  gradually  off  to 
about  X477.  Zinc  chloride  alone  did  not  change  the  colour  of  the 
solution  although  it  developed  a  green  fluorescence;  this  is  noteworthy,  for 
zinc  chloride  with  ammonia  developed  a  reddish  one,  and  some  bunds 
appeared  resembling  those  of  9,  V.,  very  closely,  only  differing  in  the 
position  of  1st  and  2nd;  thus  tlu^y  read  lat  X  647  to  X  017,  2nd  X  51)9  to 
X  559,  dark  part  X  587  to  X  506,  3rd  X  520  to  X  494  (=  dark  part), 
gradually  shading  off  to  violet  (to  about  X  473). 

Sodium  hydroxide  changed  the  colour  of  a  rectified  spirit  solution 
to  yellow  with  a  tinge  of  green  (daylight)  and  developed  a  spectrum 
resembling  sp.  10,  Y.,  only  that  the  bands  were  slightly  altered  in  posi- 
tion. They  read :  Ist  X  650  to  X  617,  2nd  X  601  to  X  566,  3rd  (in  thinner 
layer)  X517  to  X494  (=  darker  part),  the  band  being  merged  into 
a  shading  extending  towards  violet. 

The  deposit,  which  separated  out  of  the  solution  acted  on  by  the 
sodium  amalgam,  on  the  addition  of  hydrochloric  acid  was  greenish,  and 
dissolved  in  rectified  spirit  formed  a  bronze-green  solution  by  daylight; 
by  gaslight  it  appeared  red  in  deep  layers,  and  gave  a  spectrum  like  sp. 
7,  V.  With  ammonia  it  became  a  bright  green  (by  daylight)  and  gave 
sp.  10,  V. ;  the  band  at  F  had  gone.  These  bands  read : — 1st  about 
X  656  to  X625  (?),  2nd  X  605  to  X  573.  With  ammonia  and  zinc  chloride 
a  faint  red  fluorescence  was  developed,  the  fluid  being  green,  and  show- 
ing a  dark  band  in  red,  another  feeble  at  D  and  a  third  nearer  violet, 
reading: — Ist  X659  to  X615,  darker  from  X653  to  X625,  2nd  about 
X601  to  X  567*5,  and  3rd  in  a  thinner  layer  X  514  to  X  496  (=  darker 
part).  With  zinc  chloride  alone  the  colour  became  a  darker  green  by 
daylight,  and  brownish  by  gaslight,  with  a  greenish  fluorescence  and 
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the  following  bands  appeared:  Ist  X  656  to  X  619,  2nd  X  601  to  X  562  (?), 
3nl  in  a  thinner  layer  and  in  its  darker  part  X  517  to  X  499,  shading  off 
gradually  towards  violet.  Sodium  hydroxide  developed  similar  bands 
only  with  slightly  different  readings,  thus :  1st  X  056  to  X  625  ?,  2nd 
X605  to  X  571,  and  3rd  about  X  514  to  X  494. 

The  pigment  (A)  resembled  (A)  in  the  last  experiment 

Further  reduction  of  HydriMlirvbin. 

There  was  a  distinct  difference  between  any  of  these  colouring 
matters  and  any  normal  or  pathological  pigment  discussed  in  the 
former  part  of  this  paper,  and  fearing  that  the  supposed  reduction  had 
not  been  complete  enough,  I  proceeded  to  carry  it  on  further. 

The  action  of  the  sodium  amalgam  aided  by  heat  was  therefore 
carried  out  until  the  fluid  had  become  a  pale  yellow  colour,  the  only  band 
then  visible  in  the  solution  being  the  one  nearest  violet*  produced  by  the 
action  of  soiiium  hydroxide  on  hydrobilirubin.  The  solution  was  then 
acidified  with  hydrochloric  acid,  when  it  became  a  fine  red  colour ;  (but 
even  before  the  acid  was  added  it  had  begun  to  darken).  It  then 
showed  a  band  covering  D  and  a  black  one  at  F.  It  was  then  agitated 
with  chloroform  in  a  separating  funnel  when  the  chloroform  became 
red.  The  latter  was  evaporateil  down  and  left  a  brown-red  residue, 
which  had  a  peculiar  smell  reminding  of  freshly  prepared  urobilin. 

The  rectified  spirit  extract  of  this  residue  was  reddish-brown- by 
daylight,  redder  by  gaslight ;  a  moderately  deep  layer  showed  a  band 
covering  D  (Sp.  11,  V.),  and  this  extended  from  X605  to  X573;  the 
other  dark  band  at  F  in  a  more  dilute  solution  read  from  X  501  to  X475 
in  its  darker  part,  although  it  gradually  shaded  off  to  X  467. 

Ammonia  made  the  colour  lighter  and  developed  a  feeble  band  in  red 
and  one  at  D,  which  read  approximately :  1st  X  647  to  X  030  and  2nd 
XGIO  to  X  569,  that  at  F  had  disappeared. 

Ammonia  and  zinc  chloride  made  the  colour  of  the  solution  darker, 
and  it  now  showed  a  green  fluorescence  and  gave  sp.  12,  V.  the  bands 
reading :  Ist  X  647  to  X  612-5,  darker  from  X  636  to  X  619,  2nd  X  599  to 
X5G6,  3rd  in  a  thinner  layer  X517  to  X494,  with  a  shading  getting 
gradually  lighter  up  to  X473.  The  colour  of  this  solution  when  diluted 
was  yellow ;  it  had  a  rose  tint  in  a  more  concentrated  solution. 

Zinc  chloride  alone  made  the  colour  of  a  spirit  solution  a  lighter  red 
and  developed  a  green  fluorescence,  and  bands  very  similar  to  those  just 

>  In  a  very  deep  layer  a  shading  was  seen  from  \  686  to  X  610. 
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described  were  seen:  1st  X64.7  to  X615,  2nd  X601  to  X566,  3rd  in  a 
thinner  layer  X514  to  X496,  in  its  darkest  part,  while  the  whole  hand 
in  a  more  concentrated  solution  read  from  X  520  up  to  X  467,  l)cing 
gradually  shaded  off  towards  violet 

Sodium  hydroxide  producc<l  bands  very  like  the  last:  IstX  OH"  to 
X  615,  dark  from  X  041  to  X  025,  2nd  X  599  to  X  562,  dark  from  X  593 
to  X  573,  3rd  in  a  thinner  layer  X  514  to  X  490  in  its  darker  part. 

It  is  evident  that  as  far  as  the  spectra  are  concerned  very  little 
difference  exists  between  the  fully  changed,  and  the  less  fully  changed, 
pigment.  There  are  probably  bye-products  formed  during  the  action  of 
the  amalgam  as  I  have  said  before  and  as  Disqu6  points  out.  One  of 
these  is  identical  or  closely  related  to  the  body  which  I  am  about  to 
describe  and  which  is  found  in  bile.  I  formerly*  observed,  "It  would 
therefore  appear,  that  in  addition  to  a  body  more  closely  resembling 
febrile  (pathological)  urobilin,  which  the  fluid  contained,  an  insoluble 
body  was  separated  which  appears  to  be  identical  with  that  kind  of 
urobilin  which  occurs  in  bile  and  in  gall-stones."  And  that  is  the 
opinion  to  which  I  am  now  led  again  by  the  present  experiments.  Wo 
are  justified  too  in  concluding  that  hydrobilirubiii  r(^|)rcscnLs  an 
'  intermediate  stage  of  oxidation  of  bile  pigment  as  I  also  formerly 
maintained,  if  indeed  we  are  justified  in  concluding  that  in  Gmelin's 
reaction  the  change  is  due  to  oxidation.  I  am  well  aware  that  hydro- 
bilirubin  bears  a  most  remarkable  and  striking  likeness  to  pathological 
urol)ilin  and  to  stercobilin,  but  then  there  is  the  fact  which  cannot  be  got 
over  that  the  bands  which  occur  in  its  solutions  on  the  addition  of  the 
reagents  mentioned  above  do  not  occur  in  the  case  of  solutions  of  these 
pigments.     But  I  shall  have  more  to  say  about  this  point  further  on. 

On  the  Urcbilin-Uke  svbstance  in  BUe  from  the   OaU-bladder. 

I  showed  in  the  paper  quoted  before'  that  a  substance  which  appeared 
to  be  urobilin  exists  in  human,  pig,  ox,  and  sheep  bile'.  I  have  repeated 
these  experiments  recently  and  can  confirm  the  former  results,  but 
owing  to  the  importance  which  I  now  know  must  bo  attached  to  the 
bands  in  the  red  half  of  the  spectrum,  I  think  it  necessary  to  describe 

*  Proc.  Roy,  Soe,  loc.  eit. 

a  /Voc.  Jtotj.  Soe.  No.  208,  IRHO. 

'In  the  bile  of  the  frog  and  toad  I  have  noticed  that  oaustio  alkalis  proiUice  a  baud  or 
bands  like  those  of  biliary  urobilin  treated  iu  solution  witli  the  same  reagents,  the  bile 
giving  a  red  fluorescence  under  their  influence. 
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these  spectra  and  at  the  same  time  show  wherein  this  colouring  matter 
differs  from  others  described  here. 

The  bile  was  procured  from  the  human  gall«bladder  afler  death ;  in 
the  first  experiment  from  a  case  of  syphilitic  tumour  of  the  brain.  The 
bile  was  treated  with  absolute  alcohol  and  acetic  acid  and  filtered. 
Owing  to  the  strong  absorptive  power  of  the  bilirubin  for  the  violet  end 
of  the  spectrum  no  band  at  F  could  be  seen  in  the  bile  itself,  but  in  the 
filtrate  (after  the  above  treatment)  a  band  was  seen  before  D  from 
about  X  630  to  X  593.  The  extract  was  now  diluted  with  water  and 
agitated  with  chloroform,  which  became  orange,  and  in  very  thin  layers 
showed  a  distinct  band  at  F.  It  was  then  evaporated  on  the  water-bath 
and  iefb  a  dark  resinous-looking  mass,  in  part  green,  in  part  dark  and 
light  yellow.  It  was  then  extracted  with  rectified  spirit  and  the  extract 
filtered;  the  resulting  solution  had  a  bronze  colour  with  transmitted 
gaslii^ht,  and  gave  the  band  before  D  mentioned  above  in  a  decpish 
]ay(M%  while  in  a  shallow  one  a  band  at  F  from  X501  to  479,  became 
deUu:hcd;  this  baud  became  much  darker  on  adding  hydrochloric  acid. 
The  band  at  D  read  approximately  X  625  to  X  581.  On  adding 
ammonia  no  band  appeared  in  red,  only  one  at  D  now  reading  X  615  to 
X  577  7  With  ammonia  and  zinc  chloride  the  colour  became  after  a 
short  time  a  fine  green,  and  showed  a  red  fluorescence,  and  then  the 
IkukIs  :i|>|M*:ir(Ml  n.s  shown  in  sp.  13,  V  which  read :  1st  X  605  to  X  610, 
and  dark  part  X659  to  X630,  2ijd  X607'5  to  X  571,  while  in  a  shallower 
layer  a  band  like  that  seen  in  a  similar  solution  of  hydrobilirubin 
appeared,  reading  from  X  514  to  X  496. 

Zinc  chloride  alone  produced  very  little  effect,  the  colour  remained 
as  before,  no  new  band  appeared,  but  a  broad  ill-defined  shading  was  seen 
at  D,  extending  from  about  X  625  to  X  569  and  being  probably  composed 
of  two  bands,  that  at  F  remaining  unchanged.  This  reaction  however 
distinguishes  this  colouring  matter  from  hydrobilirubin  or  any  of  the 
bye-products  produced  by  the  action  of  sodium  amalgam  on  bilirubin  as 
described  above. 

Sodium  hydroxide  changed  the  colour  to  orange  red  by  gas-light, 
and  then  a  band  appeared  in  red,  another  at  D  and  one  nearer  violet ; 
these  read :  1st  X  665  to  X  619,  dark  from  X  659  to  X  630,  2nd  about 
X  005  to  X  573,  and  3rd  X  517  to  X  496.  This  solution  soon  changed 
to  a  dirty  turbid  green  and  showed  then  a  red  fluorescence. 

In  the  next  experiment  the  bile  was  removed  from  the  gall-bladder 
of  a  patient  who  died  from  the  effects  of  mitral  disease.  It  was  preci- 
pitated with  absolute  alcohol  and  filtered,  but  subsequently  acetic  acid 
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was  added  and  it  was  again  filtered.  It  was  then  diluted  with  water 
and  agitated  with  chloroform,  and  the  latter  evaporated  down,  when 
it  left  a  dark-brown  resinous-looking  residue.  This  was  extracted  with 
rectified  spirit ;  the  solution  had  a  dull  brown  colour  by  reflected  gas- 
light, deep  red  by  transmitted,  and  it  showed  a  band  at  D\  as  in  tho 
former  case  from  about  X  625  to  X  581,  where  it  shaded  off  gradually  up 
to  X  552.  In  dilute  solution  the  colour  was  yellowish  green  and  a 
dark  band  was  seen  at  F,  beginning  at  X  506,  dark  at  X  501  up  to  about 
X  479.  With  ammonia  the  colour  changed  to  a  bronze  green  by 
daylight,  yellowish-green  by  gaslight,  and  tho  solution  showed  a  rod 
fluorescence.  This  solution  gave  sp.  14,  V ;  in  a  thinner  layer,  than 
that  from  which  this  spectrum  was  mapped  the  band  at  F  had  dis- 
appeared. These  bands  read  approximately:  1st  X  662  to  X  625,  dark 
from  X  663  to  X  636,  2nd  about  X  605  to  X  573.  With  zinc  chloride 
and  ammonia  the  fluid  appeared  dull  green  with  a  red  fluorescence,  and 
showed  the  following  bands :  1st  X  665  to  X  625  and  dark  from  X  653 
to  X  636, 2nd  a  shading  from  about  X  605  to  X  573.  In  a  thinner  layer 
the  band  nearest  violet  read  from  X  514  to  X  496,  in  its  dark  part, 
(sp.  15.  V.)  With  zinc  chloride  alone  a  band  was  seen  at  I).  This 
began  to  be  shaded  at  X  625  and  ended  about  X  552,  and  two  bands 
placed  closely  together  near  F  appeared,  of  which  the  first  read  X  515*5  to 
X  504  and  the  second  X  500  to  X  481.  (See  sp.  16,  V.,  in  which  only 
part  of  the  shading  of  1st  band  is  seen.)  With  sodium  hydroxide  a  kind 
of  red  fluorescence  was  seen  and  these  bands  became  developed,  viz. : 
1st  665  to  X  630,  2nd  a  shading  X  615  to  X  577,  3rd  a  shading  566  to 
X  538  and  4th  in  a  thinner  layer,  X  517  to  X  496.  The  last  became 
much  darker  after  some  time  had  elapsed. 

Oxidation*  of  this  urobilin-Uke  pigment  vnth  potU'Ssium  permanganate. 
The  above  rectified  spirit  extract  after  remaining  exposed  to  the  air  for 
some  time  showed  a  shading  after  D  as  well  as  the  band  before  it,  and 
to  this  I  added  a  weak  solution  of  permanganate  of  potiussium  until  those 
bands  had  gone.  It  was  then  agitated  with  chloroform  which  assumed 
a  yellow  colour,  the  chloroform  solution  was  filtei-ed;  the  filtrate  was 
yellow  and  gave  a  band  at  F  from  X  505  to  X  479  (=dark  part,  whole 
band  from  X  511  to  X  473).     On  evaporating  this  it  left  a  dark  ochre- 

^  This  disappears  with  ammoninm  sulphide,  and  becomes  darker  with  peroxide  of 
hydrogen,  which  also  developes  a  band  after  D  and  one  at  F,  showing  that  the  band  before 
D  is  dae  to  oxidation. 

*  Probably  by  farther  oxidation  oholetelin  would  have  been  obtained,  but  I  intend  to 
try  this  again. 
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coloured  residue  partially  soluble  in  ellier,  showing  an  intensely 
black  band  at  F ;  it  was  partially  soluble  in  chloroform,  forming  a  yellow 
solution  with  a  black  band  at  F,  insoluble  in  bisulphide  of  carbon  and 
in  benzene,  slightly  soluble  in  water  and  soluble  in  rectified  spirit. 
The  rectified  spirit  solution  was  orange  (by  gaslight) :  a  deep  layer 
transmitted  red  and  a  little  green,  and  in  thinner  a  black  band  at  F, 
shading  off  towards  violet  In  concentrated  solution  the  latter  read 
from  X506  to  beyond  \473,  in  a  more  diluted  solution  it  read  from 
X  r)04  to  X  479,  (See  sp.  17  V.). 

Willi  aninioiiia  tlio  colour  of  on  alcohol  solution  became  orange-yellow 
and  some  feeble  shadings  in  the  red  half  of  the  spectrum  were  seen,  that 
at  F  having  disappeared.  It  was  nearly  impossible  to  read  these,  so 
that  the  following  are  only  approximate  measurements :  1st  X  659  to 
X  G3(),  2nd  a  mere  shading  X  605  to  X  573,  3rd  X  562  to  X  538. 

With  zinc  chloride  and  ammonia  a  green  fluorescence  was  developed 
and  sp.  18,  V.,  was  seen,  but  the  bands  were  too  feeble  to  be  read ; 
that  at  F  however  in  its  darkest  part  extended  from  X  515*5  to  X496, 
being  gradually  shaded  off  towards  violet.  With  zinc  chloride  alone  the 
alcohol  solution  showed  a  faint  green  fluorescence  ;  no  bands  could  with 
certainty  be  detected  in  the  red  half  of  the  spectrum,  but  in  a  dilute 
solution  that  at  F  was  seen  to  be  replaced  by  a  double  band :  1st  from 
X  5 17  to  X504  and  2nd X  501  to  X  477  (being  darker  than  the  first). 

With  sodium  hydroxide  the  solution  was  pale  yellow  and  the  only 
band  with  certainty  seen  was  one  from  X  517  to  X496. 

Hence  by  oxidation  the  urobilin-like  pigment  of  bile  was 
changed  into  one  more  closely  resembling  pathological 
urobilin  and  hydrobilirubin,  and  I  subsequently  found  that  by  mere 
exposure  to  the  air  the  same  result  took  place,  for  whereas  when  freshly 
prepared  it  8howe<l  with  zinc  chloride  and  ammonia  a  red  fluorescence,  on 
sUuidiug  this  changed  to  a  green  iluorescence.  This  helps  to  prove  (as  I 
have  said  before)  that  hydrobilirubin  must  not  be  looked  upon  as  a  pure 
reduction  product,  but  as  a  product  of  intermediate  oxidation; 
probably  the  same  remark  applies  to  pathological  urobilin  when  of 
biliary  origin  as  I  have  always  maintained  \  By  further  oxidation 
"biliary  urobilin"  can  be  made  to  resemble  more  closely  choletelin  and 
normal  urobilin.  In  fact,  the  present  investigation  confirms  at  every  step 
the  conclusions  which  I  was  led  to  form  as  to  the  connexion  between 
the  colouring  matters  of  blood,  bile,  and  urine,  in  my  former  papers. 

'  U  may  be  stated  here  that  it  is  quite  possible  that  in  many  oases  pathological  urobilin 
may  lie  derived  from  two  distinct  sources,  namely  from  bile  and  blood-pigments. 
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Svmmary  and  Remarks. 

In  the  following  table  I  have  collected  the  most  important  measure- 
ments of  bands  produced  in  the  various  solutions  by  the  reagents  refoiTcd 
to  before,  and  this  table  at  a  glance  shows  the  connexion  of,  and  the 
differences  between,  the  various  pigments.  In  some  cases  only  the 
measurements  of  the  darkest  parts  of  the  bands  are  given,  and  in  some 
cases  a  band  was  left  out  when  it  was  unimportant,  as  in  the  case  of 
artificially  prepared  urohaematoporphyrin*. 

In  the  case  of  the  alcohol  solutions  the  constancy  of  the  measurements 
of  the  band  at  F  is  very  striking. 

One  can  see  at  a  glance  also  the  following  points,  (1)  the  identity  of 
normal  urobilin  with  the  product  produced  by  the  action  of  hydrogen 
peroxide  on  acid  haematin;  (2)  the  great  similarity  between  pathological 
urobilin  and  stercobilin;  (3)  the  probable  origin  of  these  from  haematin 
at  least  in  part,  as  many  of  the  bands  produced  by  ammonia,  by  that  and 
zinc  chloride,  and  by  sodium  hydroxide  correspond  to  bands  in  the  same 
solutions  of  urohaematoporphyrin  and  the  same  artificially  prepared; 

(4)  the  striking  ditfcrence  between  hydrobilirubiu  and  any  of  these; 

(5)  the  diiference  between  it  and  the  urobilin-like  substance  of  bile,  and 
at  the  same  time  the  resemblances  between  them ;  (6)  the  identity 
in  all  the  solutions  of  the  band  nearest  violet  produced  in  them  by  the 
action  of  ammonia  and  zinc  chloride,  and  by  that  of  sodium  hydroxide  ; 
(7)  the  closer  resemblance  of  stercobilin  to  urohaematoporphyrin  than 
to  pathological  urobilin ;  (8)  the  fact  that  some  bands  are  missing 
from  solutions  of  pathological  urobilin  and  stercobilin  when  compared 
with  similar  solutions  of  urohaematopoi-phyrin :  suggesting  that  the 
two  former  are  more  complete  metabolites  of  haematin  than  the 
latter ;  (9)  the  points  of  resemblance  between  normal  and  pathological 
urobilin.  Other  interesting  points  also  appear  on  a  careful  study  of  the 
table  which  need  no  mention  here.  With  greater  care  and  by  the  use  of 
solutions  of  the  same  strength  the  resemblances  would  have  come  out 
even  better  marked. 

It  is  difficult  to  say  what  influence  a  mixture  of  haematin  and  bile 
pigment-derivatives  may  have  on  some  of  the  feeble  bands,  and  doubtless 
such  a  mixture  is  present  in  some  of  these  solutions. 

1  tn  the  measurement  of  the  spectra  of  the  reduction  products  of  haematin  sometimes 
the  2nd,  sometimes  the  8rd  product  is  taken,  and  some  of  the  other  measurements  are 
taken  from  my  note-book. 


UROIIAEMA  TOPOliPII  YlUN,  ETC. 


113 


a 

» 

E-i 


o; 

CO 


H 

5^ 
U 

H 
H 
0) 

>5 
O 

H 
u 
!/; 
>-* 
o 
o 

3 


cd 

H 
O 
5^ 

•J 
I 

H 
O 

o 

m 

n 


111 


II 


li 


|1 


II 

+ 


1^ 
I? 

«  o 
+ 


1^ 


1| 

OS 


3       Sr 


t 
s 


i 


T 

1-1 

S 


3 


«8 

S 

» 

a 

•s 
1 


7 


3     lo 


3 
T 


«eco 


d 

I 


0>     r-4 


2   : 


o»co 


3: 


S      3 


o«    CO 

f-l     «0 

22 

3  ^ 


wa 


I 

10 


10  e« 

-HCO 

^10 


«o 
o 


Ud 


A  0)0  fH  0> 
rH  0»kO 


2132 

•H  GO-^O 
CO  »0  10  10 


t-c«  ©o 
CO  10  »o  »o 


»OC»  rH  O 


2222 

S  >d  >6  10 


I 


*      {Z5 


»c 


I 
»o 

CI 

CO 


00  l> 

<M  I* 


kOlOiO 


»p 

Oi  IM  COO 

2222 

«  00  -P  "H 

coio  »o  *o 


»<5  »p 

d?  -N  <?J 

«  rHCO 
CO     ~   " 
I 

i.O  Ol  00 
coco  »0 


CO  *o 
*0  >Q 


o» 

7 

rH 
10 


MMO 


d  o  o>  CO 

iH  CD  CI  Oi 
0«  00  aO  r-< 

CO  too  10 


o>a»»c  OiH 

th  a»  >o  o  00 


22222 


CO  S?  *o  lO  2 


(H  CO  C4  9) 

2222 

«  op  -^^  iH 

co»6ao  10 


o>  o>  o> 

CO  CI  o> 

S  S 10 


to  CICO^ 

iH  COCl  0> 

t'^21 


I- 

»o 

s 


O) 

I- 

2 

O 

»o 


lot* 

•   r* 


to 


0»  CI  -^  -n 
rH  :OCI  a» 

COt-OTt- 

800  ^  »H 
»o  >o  to 


CI 
CI 

2 

»o 

CO 


OS  CI  CO 

CO  CO  O) 

to  »o  ^ 
to  to  >o 


to  0»  0>9> 

CI  CO  CI  s» 

CO  CO  o>  O 

to  O)  <<r  CI 

CO  to  to  to 


»-i$ d  3 
cotS  10^ 


CO 


s 


to 


c« 


to 

CO 


to 

• 

t- 
co 

'? 


o» 

T 

to 


8b-0>     CO 


*'?'?  f 


t*     rH 

CO  to  to    to 


3 

to 


n3 

c8 

O 


to 

CI 


to 

CO 


eo     CO 
9     2 

CQ       »0 


to 
CI 

T 
3 


CO 

o> 


to 


o 
to 


•o 

d 

eS 
.0 

O 


to 

01 

2 

to 

CO 


•H  CO 

t*  at 

2  "^ 
s 


to 


to 

CI 


CO 

o> 


2      2 


to 

CO 


to 


no|tn|iHt  |oi|iK»|v 


OllNl\M- 


iiopiiioi  |ni|<i9|V 


t^0» 

iH  to 


^  to  Oi 

t-o>       o 


t-o> 

o> 

to 


s* 


CI 

•o 


CO 


1 

2     I 


C9 


3S      to 


(ni«N  I- 

lutntih**  |ni|09|V 


tod  CO  op 


to 

b-cOCi^ 
o  CO  CO  0% 

to  tA^t* 

d  OO*^  tH 

CO  *o  to  to 


Oi   0>  9 

CO  d  o» 

to  »o 

to  t* 

*  **  iH 

to  to  to 


2 


0»  CI  o> 
CO  CO  A 

iH  0>  10 

o»»o  .V 
to  to  12 

to 


CO 

t- 

10 


T 


lO      to 


o» 

2 

to 


tioDn|i»fl  |<H|(Kt|v 


i 
1 

a 

3 

I 

8 
Z 


PU.  X. 


8 


114  C.  A.  MACMUNN. 

How  can  one  account  for  the  fact  that  stercobilin  shows  a  relationship 
to  iirohaematoporphyrin  and  yet  must  certainly  be  in  part  derived  from 
bilirubin  ?  Probably  the  reply  is  that  it  is  also  in  part  derived  from  the 
haemoglobin  of  the  food,  being  produced  by  the  action  of  the  digestive 
and  putrefactive  ferments  on  it.  Doubtless  the  haomoglobiii,  or  its 
derivative  haematin,  undergoes  under  the  influence  of  these  ferments  the 
same  changes  which  it  undergoes  out  of  the  body  by  the  action  of  such 
reagents  as  zinc  and  sulphuric  acid,  sodium  amalgam  &c. ;  being  changed 
into  haematoporphyrin  and  finally  into  stercobilin,  the  bilirubin  of  the 
bile  sharing  in  the  process.  The  haematoporphyrin,  perhaps  the 
haematin,  and  the  changed  bilirubin,  being  again  taken  up  and  carried 
by  means  of  Schiff's  circulation  into  the  liver,  and  in  this  way 
accounting  for  the  presence  of  the  urobilin-like  substance  in  bile. 

The  old  theory  that  hydrobilirubin  is  produced  in  the  intestine  by 
the  action  of  nascent  hydrogen  on  bilirubin,  and  is  then  taken  up  into 
the  circulation  and  excreted  as  urobilin  in  the  urine,  cannot  be  any 
longer  maintained,  because  as  I  have  shown,  neither  normal  nor  patho- 
logical urobilin  is  identical  with  that  pigment.  Doubtless  in  cases  of 
recovery  from  jaundice  we  meet  with  changed  bile-pigments  in  the  urine 
which  bear  a  resemblance  to  it,  but  even  then  the  pigment  formed 
in  the  urine  is  probably  biliary  urobilin  or  a  metabolite  of  it 

If  the  haematoporphyrin  and  the  bilirubin  are  again  taken  up  into 
the  liver  from  the  intestine  it  is  not  impossible  that  they  may  be 
synthetized  there  (or  elsewhere)  into  more  complex  substances.  Nencki 
and  Sieber*  have  found  that  bilirubin  and  haematoporphyrin  have  the 
same  empirical  formula,  and  that  when  introduced  into  the  living 
subject  haematoporphyrin  is  partly  expelled  in  the  urine,  but  the 
greater  portion  is  retained  and  probably  utilised  in  the  formation  of 
haemoglobin.  But  all  the  facts  at  present  in  our  possession  are  not 
sufficient  to  allow  of  any  theorizing  in  this  direction.  We  know 
however  that  the  amount  of  stercobilin  expelled  from  the  alimentary 
canal  is  not  enough  to  account  for  all  the  bilimbin  poured  into  the  small 
intestine  through  the  ductus  communis  choledochus. 

The  urobilin  of  normal  urine  is  with  difficulty  imitated  by  the 
artificial  production  of  a  similar  substance — choletelin — from  bile 
pigment,  while  it  can  be  produced  with  great  ease  from  haematin; 
hence  probably  it  is  produced  normally  by  the  action  of  nascent  oxygen 
in  the  ti&sucs  on  haematin.     If  this  be  so  how  can  we  account  for  its 
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being  present  as  a  cliromogen,  a  reduction  product  in  urine?  Elasily 
enough,  as  I  stated  at  the  beginning  of  this  paper,  as  the  urine  is  now 
known  to  contain  reducing  substances  which  probably  exert  their  action 
in  the  bladder  or  perhaps  even  in  the  kidney.  But  why  should  we  find 
— as  I  formerly  found — evidence  of  the  iiresouce  of  a  second  chromogcn 
in  urine  which  sometimes  resembles  that  of  pathological  urobilin  ?  If 
we  imagine  some  stercobilin  to  be  taken  up  from  the  intestinal  canal 
this  is  easily  explained,  as  it  too  would  become  reduced  in  the  urine.  Or 
since,  by  further  reduction,  normal  urobilin  appears  capable  of  being 
converted  into  pathological  urobilin,  we  have  only  to  suppose  that  a  part 
of  the  latter  becomes  more  reduced  tlian  another  part. 

In  face  of  the  facts  brought  to  light  by  the  observations  described  in 
this  paper,  the  following  would  be  the  simplest  way  of  explaining  the 
origin  of  all  the  colouring  matters  referred  to.  I  do  not  wish  this 
explanation  to  be  accepted  as  final,  I  merely  suggest  it  until  something 
better  takes  its  place. 

Bilirubin  and  biliverdin  are  produced  in  the  liver  mainly  from  effete 
haemoglobin';  these  are  acted  on  in  the  small  intestine  by  the  digestive 
and  putrefactive  ferments,  and  some  at  least  changed  into  simple 
metaliolites  like  the  urobilin-like  substance  of  bile.  The  haemoglobin, 
and  histohaematin  of  meat,  or  their  metabolites,  are  by  the  influence  of 
the  same  ferments  acted  upon  in  the  same  manner,  and  carried  with  the 
changed  bile  pigments  through  the  brauchos  of  the  portal  vein  into  the 
liver,  where  they  undergo  changes  of  which  we  are  at  present  ignorant. 
A  portion  of  both  the  bile-  and  haematin-  derivatives  are  however  passed 
on  along  the  intestinal  canal  and  form  stercobilin.  This  may  under 
certain  unknown  conditions  be  taken  up,  probably  accompanied  by 
ptomaines,  and  excreted  in  the  urine  as  pathological  urobilin. 

But  sometimes  we  meet  with  pathological  urobilin  which  shows  such 
a  resemblance  to  Le  Nobel's  urobiliuoidiu  as  to  lead  one  to  sujipose 
that  it  is  entirely  derived  from  haematin,  or  sometimes  it  is  accompanied, 
or  replaced  by,  urohaematoporphyrin,  the  latter  having  undoubtedly  no 
biliary  origin;  in  such  cases  it  must  be  produced  by  destruction  of 
haemoglobin  or  histohaematin  in  various  tissues  besides  the  liver, 
the  normal  metabolism  being  increased  to  such  an  extent  that  its 
products  are  incapable  of  oxidation,  and  they  therefore  appear  in  the 
uiine  in  the  state  of  urobilinoidin  or  urohaematoporphyrin. 

Normally,  doubtless,  the  liver  and  other  blood-metabolising  glands 

*  I  liAvc  Bhown  clFewhere  {Phihtt.  Tram,  Pt.  II.  1885)  that  bilivordin  occurs  in  Actinia 
mcsnttbrifaHthviuuWj  bciug  there  dcnvcd  from  a  pigment  whidi  yicldn  hacmochroiuogcn. 
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aie  able  to  pick  the  effete  pigments  out  of  the  circulation  and  change 
them  into  bile  pigments  or  others,  and  to  a  certain  extent  do  so  even 
when  they  are  present  in  slight  excess,  but  under  certain  conditions  these 
organs  arc  unable  to  deal  with  the  excess  of  pigment.  That  this  is  so,  is 
proved  by  the  presence  of  urohacmatoporphyrin  in  the  uriuo  in  cjvsos  of 
cirrhosis  of  the  liver  and  of  Addison's  disease,  as  I  have  shown'.  There 
is  very  little  doubt  that  in  acute  rheumatism  a  very  large  amount  of 
urohaematoporphyrin  is  formed,  and  in  that  disease  probably  the  muscles 
are  the  seat  of  the  formation  of  a  great  part  of  it '.  Indeed  it  would 
appear  that  in  some  cases  the  presence  of  urohaematoporphyrin  indicates 
the  existence  of  some  very  active  fermentation  attended  by  energetic 
reduction,  but  beyond  this  one  can  say  very  little  else  with  our  present 
knowledge. 

I  venture  to  give  a  rough  diagram,  PL  XV,  showing  the  connexion 
between  the  pigments  referred  to.  Of  course  other  complications  might 
be  introduced  into  the  diagram,  but  at  present  they  are  best  left  out. 

It  remains  to  be  seen  how  far  these  results  will  be  confirmed  by 
other  chemical  methods,  but  wc  must  remember  that  in  the  case  of  animal 
<H)louiing  mattcra  the  spectroscopic  hjus  outstripped  ot.lior  mothods  of 
analysis,  and  shows  resemblances  and  didbronces  between  llio  }>igmeuts 
which  by  such  methods  would  escape  detection. 

The  following  five  charts  of  spectra  were  drawn  from  measurements 
made  with  the  microspectroscope,  but  owing  to  the  small  dispersion  of 
that  instrument  I  do  not  guarantee  that  they  will  agree  with  those  given 
in  the  text  The  latter  were  calculated  by  means  of  a  one  prism  spec- 
troscope made  for  me  by  Mr  Adam  Hilger,  and  were  worke<l  out  by 
means  of  interpolation  curves. 

EXPLANATION  OF  CHARTS  OF  SPECTRA. 

Plates. 

Chart  I.    Platk  X. 

Sp.  1.  Alcohol  solution  of  pathological  urobilin  treated  with  ammonia. 
The  spectrum  represents  the  result  of  examining  three  different  depths  of 
solution. 

Sp.  2.  Alcohol  solution  of  |tathological  urobilin  treated  with  zinc 
chloride  and  ammonia :  deep  layer. 

1  This  Journal,  Vol.  vi.  Nos.  1  and  2,  and  Brit,  Med.  Joum.  Feb.  4, 1888. 
s  Myobaematin  being  probably  its  sonrooi  for  the  histohaematins  as  I  have  shown  can 
be  made  to  }  ield  haematoporphyrin.    Tliis  Journal,  Vol.  viii.  No.  2. 
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Sp.  3.     The  same,  shallower  layer. 

Sp.  4.  Influence  of  zinc  chloride  alone  on  an  alcohol  solution  of  the  same 
urobilin :    a  combination  spectrum  mapped  from  a  deep  and  Rlmllow  layer. 

Sp.  5.  Influence  of  sodium  hydroxide  on  an  alcohol  solution :  a  com- 
bination spectrum  of  a  deep  and  shallow  layer. 

Sp.  6.  Acidulated  alcohol  extract  from  lead  precipitate  from  urine  of 
case  described  in  the  text.     Bands  of  acid  urohaematoporphyrin. 

Sp.  7.  Alcohol  solution  of  the  isolated  pigment,  from  same  urine  treated 
witli  ammonia. 

Sp.  8.  Alcohol  solution  of  the  same  treated  with  ammonia  and  zinc 
ddoride. 

Sp.  9.     Alcohol  solution  of  the  same  treated  with  zinc  chloride  only. 

Sp.  10.  Alcohol  solution  of  urohaematoporphyrin  from  case  of  measles. 
(Combination  spectrum  of  deep  and  shallow  layer.) 

Sp.  11.  The  same  solution  treated  with  ammonia  (also  a  combination 
8l)cclruiii). 

Sp.  12.  Influence  of  ammonia  and  zinc  chloiide  on  an  alcohol  solution  of 
tlie  same  (after  several  hours'  action). 

Sp.  13.  Influence  of  zinc  chloride  alone  on  an  alcohol  solution;  note 
hand  at  F  has  not  shifted. 

Sp.  14.  Alcohol  solution  of  isolated  pigment  from  urine  of  case  of 
meningitis;  it  presents  some  of  the  characters  of  pathological  urobilin  and 
of  those  of  urohaematoporphyrin.  A  combination  spectrum  mapped  from 
UuxH3  diflcrent  layci*8  of  fluid. 

Sp.  15.     Influence  of  ammonia*  on  the  same  solution. 

Sp.  10.  Influence  of  ammonia  and  zinc  chloride  on  the  same,  the  baud  at 
D  is  rather  too  dark. 

Sp.  17.  Influence  of  zinc  chloride  alone  on  an  alcohol  solution  (see  text). 
This  map  is  drawn  from  three  different  depths  of  solution,  and  the  bands 
between  D  and  E  are  therefore  somewhat  darker  than  they  appeared. 

Sp.  18.     Deep  layer  of  alcohol  solution  treated  with  sodium  hydroxide. 

Sp.  li).  Action  of  ammonia  on  an  alcohol  solution  of  the  pigment 
isolated  from  case  of  typhoid  fever. 

Sp.  20.  Action  of  ammonia  and  zinc  chloride  on  the  same.  Combination 
spectrum  of  a  deep  and  shallow  layer. 

Chart  II.    Plate  XI. 

Sp.  1.     Figment  fi'om  urine  of  case   of  intra- peritoneal  haemorrhage, 
isolated  by  the  lead  method  and  dissolve<l  in  rectified  spirit. 
Sp.  2.     Influence  of  ammonia  on  the  same  solution. 

>  Probably  the  feeble  narrow  bands  in  red  are  not  correct  in  this  spectrum,  of.  measare- 
menii  in  the  text. 
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Sp.  3.  The  same  solution  with  zinc  chloiide  and  ammonia.  A  combina- 
tion spectrum  from  a  deep  and  shallow  layer. 

Sp.  4.  Pigment  from  urine  of  ciise  of  haemorrhage  into  leg,  isolated  and 
acted  on  with  ainmoni«a  in  alcohol  solution. 

Sp.  5.  Action  of  ammonia  and  zinc  chloride  on  an  alcohol  solution  of  the 
same  pigment. 

Sp.  6.  Pigment  from  urine  of  case  of  peritonitis;  isolatctl  and  dis- 
solved in  rectified  spirit :  a  combination  spectrum  of  a  deep  and  sliallow 
layer. 

Sp.  7.  Tlio  same  solution  treated  with  ammonia.  (A  combination 
spectrum  from  a  deep  and  shallow  layer.) 

Sp.  8.  Action  of  zinc  chloride  and  ammonia  on  an  alcohol  solution  of 
fiame  (combination  spectrum). 

Sp.  9.  Haematoporphyrin  dissolved  in  rectified  spirit  and  sulphuric  acid 
(=  acid  haematoporphyrin). 

Sp.  10.     Chloroform  solution  from  this. 

Sp.  11.  Isolated  haematoporphyrin  in  rectified  spirit:  showing  a  five- 
banded  spectrum. 

Sp.  12.  Four-banded  alkaline  haematoporphyrin,  got  by  diKSolving 
haematoporphyrin  in  alcohol  and  ammonia. 

Sp.  13.  Action  of  zinc  and  sulphuric  acid  on  haematin,  early  stage  of 
reduction,  the  band  at  F  indicates  that  it  has  gone  beyond  the  haematopor- 
phyrin stage. 

Sp.  14.  Chloroform  solution  from  the  last,  note  the  dark  band  nearest 
violet,  and  yet  the  pigment  haa  not  reached  the  urohaematoporphyrin  stage. 
(This  is  a  combination  spectrum.) 

Sp.  15.  Rectified' spirit  solution  of  the  first  reduction-product  from  acid 
haematin  (produced  by  Zn  and  IT  ji^O^.) 

Sp.  16.  Action  of  ammonia  on  the  last  solution.  Showing  a  spectrum 
like,  but  not  yet  identical  with,  alkaline  urohaematoporphyrin. 

Sp.  17.  Further  action  of  zinc  and  sulphuric  acid  on  haematin :  the 
spectrum  of  the  acidulated  alcohol  solution.  (A  combination  spectrum  of  a 
deep  and  shallow  layer  cf.  sp.  9.) 

Sp.  18.     Chloroform  solution  from  the  last.     (A  combination  spectrum.) 

Sp.  19.  Hectified  spirit  solution  of  the  isolated  residue  from  the  last 
solution.     (A  combination  spectrum.) 

Sp.  20.     Action  of  ammonia  on  this  solution. 

Sp.  21.  Action  of  zinc  chloride  only  on  the  solution  whose  spectrum 
is  shown  in  sp.  19. 

Chart  III.     Plate  XII. 

Sp.  1.  Further  reduction-product  from  haematin  by  the  action  of  zinc 
and  sulphunc  acid :  acid  alcohol  solution.     (Combination  spectrum.) 
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8p.  2.  liectilied  Bpirit  solution  of  tlio  isolated  pigiiieut  (Coiubioation 
K|icctruin.) 

Sp.  3.  Actiou  of  ammouia  on  this  solution.  (Combination  spectrum.) 
The  5th  band  is  rather  too  dark. 

Sp.  4.  Action  of  ammonia  and  zinc  chloride  on  the  same  solution, 
shallow  layer,  the  bands  of  a  deep  layer  resemble  those  of  sp.  3,  in  all  points 
except  the  band  nearest  violet  which  has  the  peculiarity  of  shading  of  the 
urobilin  (pathological)  band. 

Sp.  5.  Action  of  zinc  chloride  alone  on  an  alcohol  solution  of  the  same 
colouring  matter. 

Sp.  6.  Action  of  sodium  amalgam  on  hacmatin,  early  stage  of  reaotioni 
rectiQcd  spirit  (diluted)  solution. 

Sp.  7.  The  same  acidified  with  sulphuric  acid,  showing  that  the  solution 
has  not  gone  much  beyond  the  haematoporphyrin  stage,  although  a  band  has 
appeared  at  F.  (The  two  first  bands  are  rather  too  near  the  red  end  of  the 
spectrum.) 

Sp.  8.     Chloroform  solution  from  the  last 

Sp.  9.  Rectified  spirit  solution  of  the  pigment  isolated  from  the  last 
solntion. 

Sp.  10.    Action  of  ammonia  on  the  last  solution. 

Sp.  11.  Action  of  zinc  chloride  alone  on  a  rectified  spirit  solution  of 
the  same  pigment.  Note  that  the  band  nearest  violet  has  not  shifted.  The 
third  Imnd  from  the  rod  end  is  fthowu  ratlier  too  dark. 

S[>.  12.  Further  ixnluction  product  in  rectified  spirit.  (Containing 
sodium  hydroxide.) 

S|x  13.     The  same  solution  acidified  with  sulphuric  acid. 

Sp.  14.     Rectified  spirit  solution  of  the  isolated  pigment. 

Sp.  15.  The  third  reduction  product  got  by  the  action  of  sodium 
amalgam  on  haematin :  in  rectified  spirit  (containing  sodium  hydroxide) : 
before  its  iaolatioiL 

Sp.  IG.     Chloroform  extract  from  the  last  solution. 

Sp.  17.  llectified  spirit  solution  of  the  isolated  pigment  (A  combination 
8|)cctrum.) 

Sp.  18.  Action  of  ammonia  on  the  last  solution ;  the  spectrum  will  also 
serve  to  show  the  action  of  ammonia  and  zinc  chloride  on  the  same. 

Chart  IV.    Plate  XIII. 

Sp.  1.  Acidulated  alcohol  extract  from  the  precipitate  produced  in 
normal  mine  by  neuti*al  and  basic  acetate  of  lead.  Note  absence  of  bands 
in  red  half  of  spectrum. 

Sp.  2.  The  same  solution ;  thinner  layer,  showing  the  band  of  normal 
urobilin. 
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Sp.  3.     Absolute  aloobol  solution  of  the  isolated  pigment,  thin  layer. 

Sp.  4.     Action  of  ammonia  on  a  deep  layer  of  the  same. 

Sp.  5.  Action  of  ammonia  and  zinc  chloride  on  an  absolute  alcohol  so- 
lution of  urobilin.     (Combination  spectinim.) 

Sp.  6.  Normal  urobilin  (from  anotlier  specimen)  in  alcohol  solution  with 
zinc  chloride  only.     Note  band  at  F  (which  is  here  broader  than  usual). 

Sp.  7.  Artificially  prepared  nonnal  urobilin,  got  by  action  of  peroxide  of 
hydrogen  and  subsequently  sodium  amalgam  on  haematin :  rectified  spirit 
solution  of  the  isolated  colouring-matter. 

Sp.  8.  Action  of  ammonia  and  zinc  chloride  on  the  last  solution.  (Com- 
bination spectrum.) 

Sp.  9.  Stercobilin  (isolated  as  descrLl>ed  in  the  text)  dissolved  in  rectified 
spiiit.    (Combination  spectrum.) 

Sp.  10.     Action  of  ammonia  on  the  last  solution. 

Sp.  11.  Action  of  ammonia  and  zinc  chloride  on  a  similar  solution*  (Com- 
bination spectrum.) 

Sp.  12.  Action  of  zinc  chloride  alone  on  an  alcohol  solution.  (Combination 
spectrum.) 

Sp.  13.  Acidulated  alcohol  cxtmct  of  stercobilin  from  another  source. 
A  combination  spectrum  from  three  difforont  thicknesses  of  fluid. 

Sp.  14.  Action  of  zinc  chloride  only,  on  a  rectified  spint  solution  of  the 
isolated  stercobilin.     (Combination  spectrum.) 

Sp.  15.  Action  of  sodium  hydroxide  on  a  rectified  spirit  solutioQ.  (Combi- 
nation spectrum.) 

Sp.  16.  Filtrate  from  a  solution  of  bilirubin  in  dilute  caustic  soda  solution, 
to  which  some  alcohol  had  been  added ;  after  incomplete  action  of  sodium 
amalgam. 

Sp.  17.  Chloroform  solution  from  this,  got  by  acidulating,  and  then 
agitating  with  chlorofoim. 

Sp.  18.  Isolated  colouring  matter  from  the  last  solution  in  absolute  alcohol. 
(Combination  spectrum.) 

Sp.  19.     Absolute  alcohol  solution  of  the  same  treated  with  ammonia^ 

Sp.  20.  Action  of  ammonia  and  zinc  chloride  on  an  alcohol  solution.  (Com- 
bination spectntm.) 

Chabt  V.    Plate  XIV. 

Sp.  1.  Action  of  zinc  chloride  alone  on  an  alcohol  solution  of  the  above 
intermediate  product.     (Combination  spectrum.) 

Sp.  2.     Action  of  sodium  hydroxide  on  a  similar  solution. 

Sp.  3.  The  precipitate  (B,  see  text)  which  formed,  when  the  partially 
reduced  solution  of  bilirubin  having  been  treated  with  hydrochloric  acid,  was 
filtered  off,  dissolved  in  alcohol,  diluted  with  water,  hydrochloric  acid  added, 
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and  then  agitated  with  chloroform,  the  chloroform  evaporated,  the  residue 
dissolved  ii^  alcohol  and  treated  with  zinc  chloride  and  ammonia. 

S|x  4.  An  alcohol  solution  of  the  same  pigineut  treated  witli  zinc  chloride 
alone. 

8p.  5.  Solution  of  bilirubin  in  aqueous  soda  ti*eated  with  sodium  amalgam 
(in  another  experiment). 

Sp.  6.  The  last  solution  was  acidulated  with  hydrochloric  acid,  filtered, 
and  the  filtrate  agitated  with  chloroform,  which  gave  this  8|)ectrum. 

Sp.  7.  Residue  (0)  from  the  chloroform  extract  dissolved  in  rectified  spirit. 
(Goiubination  spectrum.) 

Sp.  8.  Action  of  ammonia  aud  zinc  ohlorido  on  such  a  rectified  spirit 
solution  (deep  layer). 

Sp.  9.     The  same  solution  (thinner  layer). 

Sp.  10.  A  deposit  (B)  produced  by  adding  hydrochloric  acid  to  the 
sodium-araalgam-treated-fluid,  was  BO|)arated  by  filtering,  dissolved  in  rectified 
spirit,  and  gave  this  spectmm  on  adding  ammonia. 

Sp.  11.  Complete  action  of  sodium  amalgam  on  bilirubin.  Isolated 
colouring  matter  (i.e.  hydrobilirubin)  dissolved  in  rectified  spirit.  (Combination 
spectrum.) 

Sp.  12.  Action  of  ammonia  and  zinc  chloride  on  a  rectified  spirit  solution 
of  the  same  hydrobilirubin.    (Combination  spectrum.) 

Sp.  13.  Action  of  zinc  chloride  and  ammonia  on  a  rectified  spirit  solution 
of  the  urobilin- like  pigment  of  human  bila     (Combination  spectrum.) 

•Sp.  14.  Action  of  uiunioiiia  on  a  riH;ti(ied  spirit  solution  of  ''biliary 
urobilin.'* 

Sp.  15.  Action  of  ammonia  and  zinc  chloride  on  a  similar  solution. 
(Combination  spectrum.) 

Sp.  16.  Action  of  zinc  chloride  alone  on  a  rectified  spirit  solution  of  the 
same  colouring-matter.     (Combination  spectrum.) 

Sp.  17.  RectiGed  spirit  solution  of  ''biliary  urobilin  "  after  this  pigment 
had  been  oxidized  by  potassium  permanganate  :  showing  disappearance  of  all 
the  bands  except  that  at  F. 

Sp.  18.  Action  of  ammonia  and  zinc  chloride  on  the  last  solution :  this 
showed  a  green  fluorescence  instead  of  a  red  one,  showing  that  by  oxidation 
"biliary  urobilin"  is  made  to  resemble  hydrobilirubin  or  pathological  urobilin, 
and  proving  that  the  "biliary  urobilin"  is  probably  an  intermediate  product  of 
oxidation. 

Owing  to  the  shortness  of  these  spectra  some  slight  errors  of  position  may 
have  crept  in,  but  these  can  be  corrected  by  the  wave-length  measurements 
given  in  the  paper. 

Plate  XV. 
Scheme  showing  the  probable  derivation  of  urobilin,  &c.,  from  haemoglobin. 


ON  THE  NATURE  OF  THE  KNEE-JERK,  By  WARREN 
PLIMPTON  LOMBARD,  M.D.,  Assistant  in  Physiology  at  the 
College  of  Physicians  and  Surgeons  of  Neto  York, 

It  has  long  been  known  that  if  the  ligamentum  patellae  of  a  normal 
individual  be  struck  when  the  leg  is  hanging  freely  in  a  position  of 
partial  flexion,  the  quadriceps  muscle  is  irritated  and  contracts,  causing 
a  sudden  extension  of  the  knee,  which  we  call  a  knee-jerk.  The 
process  by  which  the  muscle  is  stimulated,  however,  is  still  a  subject  of 
discussion. 

Some  authors  cloim  that  the  muscle  fibres  are  directly  stimulated 
by  the  sudden  twitch  to  which  they  are  subjected,  the  method  of 
excitation  being  similar  to  that  resulting  from  a  direct  blow  on  the 
muscle,  and  these  writers  think  that  the  time  which  eh4)sos  botwceu 
the  moment  of  the  blow  on  the  ligament  and  the  resulting  muscular 
contraction  is  far  too  short  to  admit  of  any  other  interpretation. 

Other  authors  call  attention  to  the  fact  that  the  phenomenon  cannot 
be  obtained  if  the  nerve  connecting  the  muscle  with  the  spinal  cord 
first  be  severed,  or  if  the  corresponding  reflex  mechanisms  of  the  cord 
have  been  injured  by  disease,  and  conclude  that  since  the  integrity  of 
the  reflex  arc  is  essential  to  the  phenomenon  the  knee-jerk  must  be  a 
reflex  act.  They  admit  that  the  time  involved  in  the  process  is  veiy 
short,  but  say  that  the  time  required  by  such  a  reflex  action,  ajs  they 
suppose  this  to  be,  is  not  known,  and  that  it  may  well  be  as  short  as  the 
interval  found. 

Those  who  regard  the  process  to  be  wholly  peripheral,  answer  the 
objection  that  it  is  lost  if  the  reflex  arc  be  destroyed,  by  suggesting 
that  the  ability  of  a  muscle  to  respond  to  such  a  slight  mechanical 
stimulus  as  that  caused  by  a  blow  on  its  tendon  may  depend  upon  its 
having  a  certain  amount  of  tension,  and  that  this  necessary  tension  is 
dependent  on  the  tonus  of  the  muscle,  which  is  lost,  when,  upon 
division  of  the  nerve  or  destruction  of  the  cord,  tonus  impulses  cease  to 
come  to  the  muscle. 

Thus  we  find  two  distinct  parties;  the  one  regai'ds  the  phonome- 
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non  reflex,  the  other  considers  it  a  ^vholly  peripheral  process.  Both 
mimit  that  the  integrity  of  the  reflex  arc  is  essential  to  the  knee-jerk» 
and  that  the  time  involved  in  the  process  is  much  shorter  than  that 
rwjniicd  by  tlie  few  reflex  acts  of  which  the  time  has  been  studied. 

Undoubtedly  the  reflex  theory  ofiers  the  simplest  and  most  satis- 
factory explanation  of  the  intimate-  dependence  of  the  phenomenon 
upon  the  spinal  cord.  Indeed  the  time  argument  would  have  but  little 
weight  if  those  who  doubt  the  reflex  nature  of  the  process  were  unable 
to  explain  this  connection.  It  is  woi*th  while,  therefore,  to  consider  the 
soundness  of  their  explanation. 

As  has  been  said,  they  assume  that  the  ability  of  the  muscle  to 
respond  to  the  twitch  transmitted  to  it  from  its  ligament  is  dependent 
on  the  tension  of  the  muscle,  and  that  this  is  dependent  on  tonus 
impulses  coming  to  it  from  the  spinal  cord. 

One  cannot  help  feeling  that  this  explanation  has  been  manu- 
factured to  meet  the  emergency  and  is  somewhat  forced,  both  because 
of  the  uncertain  basis  on  which  the  tonus  theory  rests,  and  because 
there  is  no  proof  that  the  irritability  of  a  muscle  to  mechanical  stimuli 
is  dependent  on  its  tension. 

The  knee-jerk,  though  it  varies  greatly  in  amount,  can  almost 
always  be  obtained,  while  there  is  reason  to  doubt  that  muscles  are  kept 
contiinioiisly  in  tonus  by  iutpulsos  either  of  automatic  or  of  reflex 
origin.  Jt  is  mont  probable  that  there  are  times  when  they  receive 
slight  motor  impulses  of  reflex  nature,  and  that  they  respond  by  the 
feeble  increase  in  tension  which  we  call  tonus,  but  there  is  no  reason  to 
suppose  that  they  are  continually  in  receipt  of  tonus  impulses. 

Suppose,  however,  for  the  sake  of  argument,  that  tonus  is  con- 
tinuous, there  is  no  surety  that  it  is  essential  to  the  knee-jerk.  It  is 
true  that  for  purely  mechanical  reasons,  tension  of  the  muscle  not  only 
favors  but  is  necessary  to  the  phenomenon.  If  the  blow  be  struck  when 
the  ligament  and  muscle  are  loose,  there  is  no  twitch  transmitted  to  the 
muscle  and  consequently  no  knee-jerk  developed.  On  the  other  hand, 
if  the  slack  has  been  taken  up,  the  sudden  strain  caused  by  the  blow 
on  the  ligament  is  transmitted  through  the  whole  muscle.  Moreover, 
when  the  muscle  is  under  tension  the  smallest  contraction  will  reveal 
itself.  By  giving  the  leg  a  proper  position,  one  can  secure  to  the 
muscle  any  desired  degree  of  tension,  this,  however,  does  not  enable  one 
to  get  a  knee-jerk  when  the  spinal  cord  is  diseased. 

If  tonus  be  essential  to  the  phenomenon  it  would  seem  to  be  for 
some  other  reason  than  because  it  supplies  a  retpiirod  tension.     One 
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might  conceive  that  in  some  unknown  way  it  increases  the  irritability 
of  muscle  tissue.  If  this  be  true,  however,  it  would  seem  as  if  the 
knee-jerk  which  disappears  when  the  tonus  of  the  muscle  is  lost,  upon 
division  of  its  nerve,  would  be  obtained  again,  when,  by  elcctricjvl 
stimulation  of  the  cut-nerve,  the  tension  of  the  muscle  is  restored. 
This  experiment  has  been  made  upon  a  rabbit  but  failed  to  recall  the 
knee-jerk. 

This  last  winter  I  examined  a  man  who  was  young,  vigorous  and 
showed  no  sign  of  disease.  His  legs  were  well  developed,  and  his 
muscles  firm  and  elastic.  There  was  no  sign  of  lack  of  tension  of  the 
muscles.  He  claimed  to  be  the  equal  of  his  fellows  in  all  manly  sports. 
I  could  not  prove  that  he  had  or  had  not  tonus  of  the  muscles,  but  I 
saw  no  reason  to  doubt  that  he  had  as  much  as  most  men.  This  man 
gave  no  knee-jerk  and  no  reenforcement  of  the  knee-jerk. 

It  is  not  uncommon  to  find  a  person  in  good  health  with  no  knee- 
jerk,  though  it  is  exceptional  to  find  one  from  whom  a  reenforced  knee- 
jerk  cannot  bo  obtained.  If  the  absence  of  the  knee-jerk  in  these  cases 
be  due  to  a  lack  of  tonus,  and  if  muscle  tonus  plays  the  important  r61e 
attributed  to  it,  it  is  strange  that  these  men  should  show  no'disturbtancc 
of  muscular  co-ordination.  Indeed,  such  cases  tend  to  show  that 
something  more  than  a  suitable  condition  of  the  muscles  is  essential  to 
the  production  of  the  knee-jerk. 

Any  theory  of  the  nature  of  the  knee-jerk,  to  be  accept^able,  must 
likewise  explain  the  reenforcements  of  the  knee-jerk.  It  occurred  to  me, 
therefore,  that  a  study  of  the  reenforcements  of  the  knee-jerk  might 
throw  much  light  on  the  nature  of  the  phenomenon.  If  the  processes 
on  which  the  knee-jerk  depends  are  wholly  pcriphemi,  the  increase  of 
the  contraction  which  results  from  the  reenforcing  act  must  necessarily 
be  due  to  changes  occurring  within  the  peripheral  mechanisms.  How- 
might  the  ability  of  a  muscle  to  respond  to  a  blow  on  its  tendon  be 
increased  by  a  reenforcing  action?  Two  ways  suggest  themselves, 
viz.: — 

1.  The  tonus  of  the  muscle  might  be  increased  as  a  result  of  an 
increased  activity  of  the  spinal  centres,  which  might  be  caused  by  the 
development  of  a  voluntary  action,  a  painful  sensation  or  an  active 
emotion  or  thought 

2.  The  irritability  of  the  muscle  might  be  increased  in  some 
inscrutable  way  by  the  reenforcing  process. 

I  made  a  careful  study  of  the  quadriceps  muscle  and  tried  to  discover 
whether  it  gained  in  tension  or  in  irritability  when  the  hands  were 
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clinched.  T  found  it  difficult  to  construct  an  apparatus  capable  of 
inea.<niring  delicate  changes  in  muscle  tension,  but  finally  fixed  upon  one 
which  answered  the  requirements  fairly  well  It  recorded  the  smallest 
coutniction  of  the  quadriceps  which  I  could  learn  to  make  voluntarily, 
and  this  contraction  Wtos  so  slight  that  it  could  not  be  detected  by  the 
eye  or  by  a  trained  hand  placed  over  the  muscla  It  seemed  as  if  a 
smaller  increase  in  tension  than  this  could  scarcely  be  regarded  as 
sufficient  to  influence  the  ability  of  the  muscle  to  respond  to  the  blow, 
either  because  the  tenser  muscle  fibres  would  favor  the  transmission  of 
vibrations,  or  because,  tho  slack  having  boon  taken  up,  the  muscular 
contraction  would  reveal  itself  more  readily. 

The  apparatus  used  to  record  the  contraction  of  the  quadiiceps  consisted 
of  a  long,  light,  stiff  lever,  the  axis  of  which  was  fastened  by  an  elastic  band 
upon  the  ligamentum  patellae.  The  lever  rested,  near  its  axis,  on  the  lower 
edge  of  the  patella.  When  the  quadriceps  conti*acted  it  made  the  ligament 
more  tense,  and  at  the  ssimc  time  tilted  the  i>atella ;  both  of  these  movement4ei 
ciuscd  the  i*ccordi ng  end  of  tho  lever  to  descend.  The  lever  mngnified  the 
movement  of  the  ligament  and  patella  about  twenty  times. 

The  man  lay  on  his  back,  on  a  bench  made  with  adjustable  segments, 
which  supported  the  head,  back,  thighs,  legs  and  feet  in  any  desired  degree  of 
flexion.  A  control  lever,  which  recorded  every  movement  of  the  head  of  the 
tibia,  wrote  tho  movementa  of  tho  knee  caused  by  the  respinition,  the  pulse 
ami  j.'irs. 

A  Marcy's  tambour,  connected  with  a  dynamometer,  wrote  witli  its  lever 
tlie  moment  that  the  i-eeuforcing  movement  of  clinching  the  hands  was 
performed. 

Not  to  go  further  into  details,  suffice  it  to  say  that  no  contraction  of 
the  quadriceps  was  seen  to  follow  the  most  active  hand  clinch  in  the 
case  of  any  of  the  normal  men  experimented  on,  though  such  an  action 
was  very  potent  in  rccnforcing  tho  knee-jerk. 

There  is  one  experiment  which  deserves  separate  mention.  The 
young  man  in  question  had  no  knee-jerk,  but  showed  an  active  re* 
enforced  knee-jerk.  It  seemed  as  if  in  his  case,  at  least,  one  might  find 
a  change  in  the  tension  of  the  quadriceps,  i.e.  if  the  knee-jerk  which 
appeared  when  he  rccnforccd  depended  on  an  increase  of  tonus,  but  none 
was  found. 

From  these  experiments  it  would  seem  that  such  an  act  as  clinching 
the  hands,  though  capable  of  reenforcing  the  knee-jerk,  affects  the 
tension  of  the  quadriceps  muscle  little,  if  at  all,  under  normal  conditions. 

Finding  no  increase  in  the  tonus  of  the  muscle  when  the  hands  were 
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clinched,  I  proceeded  to  test  the  irritability  of  the  muscle  at  the  time 
that  the  reenforcing  act  was  being  performed.  I  used  as  a  test,  the 
strength  of  the  induction  current  required  to  call  out  the  least  contraction 
which  the  lever  already  described  was  capable  of  recording.  No 
increased  irritability  to  electrical  stimulation  was  diHcovercd.  It  may  bo 
said  that  the  irritability  of  the  muscle  to  mechanical  stimuli  may, 
nevertheless,  have  been  enhanced.  This  seems  doubtful,  however,  for  as 
a  rule  when  the  irritability  of  a  muscle  is  increased,  it  responds 
more  readily  to  all  forms  of  stimuli. 

In  short,  I  was  unable  to  find  any  evidence  that,  in  the  case  of 
normal  men,  lying  at  rest,  such  an  act  as  voluntarily  clinching  the 
hands  has  any  effect  on  either  the  tension  or  the  irritability  of  the 
muscle.  This  result  corresponds  with  that  of  Mitchell  and  Lewis', 
who  found  that  muscular  contractions  called  out  by  electricity  cannot 
be  reenforced,  a  result  which  would  be  inexplicable  in  case  the  re- 
enforcing  influence  affected  the  peripheral  mechanisma 

If  tliese  results  are  correct,  the  knee-jerk  cannot  bo  a  purely 
peripheral  phenomenon  and  is,  probably,  in  spite  of  the  short  time, 
a  reflex  process.  This  conclusion  is  borne  out  by  the  results  of  ex- 
periments which  I  made  at  the  College  of  Physicituis  and  Surgeons 
of  New  York,  during  the  past  winter. 

These  experiments  were  made  on  twenty-five  medical  students, 
all  of  whom  were,  as  far  as  could  be  judged,  in  good  health.  It  is 
worth  mention  that  they  were  wholly  unfamiliar  with  the  work  and 
that  they  had  no  idea  of  what  was  expectod  of  them. 

The  apparatus  was  the  same  as  that  employed  by  me  in  the 
experiments  reported  in  the  Ameiican  Journal  of  Psychology,  Oct, 
1887.  It  consisted  of  a  couch,  on  which  the  subject  lay  on  his  left 
side;  a  support  for  the  right  thigh;  a  swing  for  the  right  foot, 
suspended  by  a  long  cord  from  the  ceiling ;  a  recording  needle,  which 
was  attached  to  the  right  heel,  and  which  by  writing  the  movements 
of  the  foot  gave  a  magnified  record  of  the  flexion  and  extension  of 
the  knee;  and  finallv  a  hammer  which  delivered  a  blow  of  constant 
and  known  force. 

A  clear  understanding  of  the  results  obtained  is  only  to  be  reached 
by  a  careful  analysis  of  the  conditions  of  the  experiment.  When 
the  subject  is  placed  on  the  knee-jerk  couch  with  his  thigh  on  the 

^  "Physiological  Studies  of  the  Euee-jerk,  and  of  the  Heactions  of  MubcIo  under 
Mechanical  and  other  Excitants,"  by  S.  Weir  Mitchell,  M.D.,  and  Morris  J.  Lewis, 
M.D.,  The  Mtrdical  Nem  of  Philadeliyhia,  Feb.  IH  and  20,  188(5. 
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support  and  his  foot  in  the  swiug,  the  knco  assumes  a  position  of 
partisd  flexion.  If  the  experiroentor  draws  the  lower  leg  forward,  so 
as  to  increase  the  extension  of  the  knee,  or  backward,  so  as  to  increase 
the  flexion  of  the  knee,  and  then  release  it,  the  leg  swings  like  a 
pendulum  backwards  and  forwards  for  eight  or  ten  times,  each  oscilla- 
tion being  smaller  than  the  preceding,  until  the  leg  becomes  quiet 
in  the  original  position  of  rest  What  are  the  forces  which  determine 
how  much  the  knee  shall  be  flexed  when  in  the  position  of  rest  ? 

1.  The  force  of  gnwity,  which  tends  to  bring  the  swing  and  foot 
dircM^lJy  under  the  |K)int  of  suspension  of  the  swing. 

2.  The  amount  of  flexion  of  the  hip  joint  and  the  consequent 
degrca  of  tension  of  the  two  joint  muscles  on  the  front  and  back 
of  the  thigh. 

3.  The  tension  of  the  muscles  on  the  front  and  back  of  the  thigh 
dei)eudent  on  their  natural  length  and  elasticity. 

4.  The  contraction  of  the  muscles  caused  by  nervous  or  other 
stimuli 

It  may  seem  a  contradiction  to  speak  of  muscular  contraction  as 
one  of  the  conditions  which  determine  the  position  of  the  leg  when 
at  rest,  but,  inasmuch  as  the  theory  of  muscle  tonus  still  holds,  it 
may  not  be  inadmissible. 

Most  of  the  forces  enumerated  act  constantly  and  continuously. 
If  the  body  and  thigh  are  immovable,  the  teusion  of  the  muscles  of 
the  thigh,  as  far  as  it  is  governed  by  the  position  of  the  hip  joint, 
will  be  uniform ;  the  elasticity  of  the  muscles  will  undergo  but  little 
change  during  short  intervals  of  time;  the  influence  of  the  force  of 
gravity  will  remain  the  same ;  therefore,  any  change  of  the  knee  from 
the  position  of  rest,  must  be  caused  by  a  difference  in  the  amount  of 
contraction  of  the  antagonistic  flexors  and  extensors. 

If  these  muscles  were  in  receipt  of  tonus  injpuLses  which  were  con- 
tinuous and  constant,  their  length  would  undergo  no  change  on  this 
account ;  if,  however,  they  received  inregularly  tonus  impulses  of  varying 
amounts,  their  length  would  change  frequently.  I  was  curious  to 
find  whether  such  variations  actually  occurred,  but  in  the  few  experi- 
ments which  I  made,  I  could  not  discover  that  the  knee  moved  at  all 
from  the  position  of  rest  when  the  subject  was  calm  and  was  lying 
quietly. 

Now  what  happens  when  the  ligamentum  patellae  is  struck  ?  The 
blow  is  immediately  responded  to  by  a  contraction  of  the  muscles  on  the 
front  of  the  thigh,  the  knee  is  extended,  and  the  foot  is  swung  forward. 
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Ae  the  extensor  muscles  cease  to  contract,  the  elasticity  of  the  flexor 
muscles  together  with  the  force  of  gravity  cause  the  foot  to  swing  back  ; 
the  force  of  the  backwiird  swing  is  sufficient  to  carry  the  foot  beyond 
the  position  of  rest  and  to  flex  the  knee,  though  not  as  greatly  as  the 
contraction  of  the  muscles  had  extended  it;  this  flexion  of  the  knee  is 
in  turn  followed  by  extension,  and  this  by  a  second  movement  of  flexion, 
and  so  on,  each  act  being  less  than  the  preceding,  until  after  eight  or  ten 
oscillations  the  knee  becomes  quiet  in  the  position  of  rest. 

Such  is  the  ordinary  sequence  of  events  following  a  blow  on  the 
ligamentum  patellae,  and,  when  the  subject  is  in  a  placid  condition,  the 
knee  actually  returns  to  the  original  position  of  rest  time  after  time,  as 
often  as  the  experiments  are  repeated.  This  is  illustratcil  by  experi- 
ments on  S,  recorded  in  Table  I.,  during  which  the  knee  invariably 
returned  to  the  original  position  of  rest^ 


Deseriptian  of  Table  L 

The  table  is  to  be  read  from  left  to  right.  In  the  first  column  is  the 
number  of  the  observation ;  in  the  sccoiul,  the  extent  of  the  kiioo-j(n*k  or  fii-Ht 
movement  of  extension ;  in  the  third,  the  first  backward  oscillation  of  flexion ; 
in  the  fourth,  the  second  oscillation  of  extension ;  in  the  fifth,  the  second 
oscillation  of  flexion ;  while  in  the  sixth  column  is  recorded  the  change  in 
the  position  of  the  line  of  rest  from  that  which  it  occupied  before  the  blow 
was  struck.  In  this,  as  in  all  succeeding  tables,  the  sign  ■¥  signifies  a  move- 
ment in  the  direction  of  extension,  recoi'ded  in  the  charts  as  an  upwaixl  move- 
ment^ while  the  sign  —  indicates  a  movement  of  flexion,  recorded  in  the  charts 
as  a  downward  movement.  The  figures  give  the  extent  of  the  movement  in 
millimetres.  The  measurements  were  all  made  from  the  line  of  rest  which 
was  drawn  just  before  the  blow  was  struck. 
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Tbe  regularity  of  the  oscillations  is  well  shown  in  Chwt  I.,  which 
was  constructed  from  the  same  curves  as  this  table.  The  extent  of 
the  movements  has  been  reduced  three-fourths,  which  necessitated  the 
omissioD  of  the  final  small  oacillationa. 


As  has  been  said,  it  is  usual  for  the  knoo  to  return  to  tlio  original 
position  of  rest  wlicn  the  subject  is  in  a  tranquil  frame  of  mind.  When, 
however,  the  Bubject  is  excited,  it  is  much  more  common  to  see  the  knee 
become  quiet  in  ft  different  position,  and  be  either  more  extended  or 
more  flexed  than  before  the  blow  was  struck.  This  is  illustrated  by  the 
measurements  given  in  the  following  Table. 

Deieription  0/  TcUilt  II, 

In  this  table  are  collected  the  changes  in  the  position  of  the  line  of 
rest  which  DccurriHl  in  experiments  on  bovor  dilTorent  men.  The  olisurvations 
are  orrariged  in  columna.  At  the  head  of  each  column  is  tlie  letter  which 
Rtaniln  for  thn  Kuhjoct,  anJ  Iwnoitth  this  is  the  nunilwr  of  uuotlior  tiiihht  in  thin 
paper,  in  wliich  the  same  rouults  arc  given.  Below  this  heading  are  reconled 
the  successive  changes  in  tlie  jKwition  of  the  line  of  rest.  The  meiunromenta 
are  given  in  millinietroii,  and  each  was  mode  with  reference  to  tlie  irasition  of 
the  line  of  rest  at  the  end  of  the  preceding  observation.  The  sign  +  shows 
that  the  vamtion  was  in  the  direction  of  extension,  and  the  sign  ~  tliat 
it  was  in  Uie  direction  of  flexion. 
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Table  II. 


SUBJKCT 

A 

I 

0 

G 
V 

0 

X 

V 

D 

G 

L 

U 
VI 

C 

A 

Ko.  of  Table 

V 

V 

VI 

VII 

TX 

1 

0 

+  2 

+  2 

+    2 

-   2 

+    5 

-   4 

ChangeB  in  the  posi-     2 

0 

0 

0 

+  2 

0 

+  1 

-    3 

-    1 

-   5 

tioii  of  tlic  lino  of     3 

0 

0 

0 

Hi 

+  1 

-    G 

+    1 

+  11 

+   5 

Kest  seen  to  ful-     4 

0 

0 

0 

0 

+  2 

-   5 

+   7 

+    2 

-   6 

low  tlie  succejwive     5 

0 

0 

0 

+  1 

0 

+  1 

+    2 

+   7 

+   5 

Kuee-jerks                 6 

0 

0 

0 

0 

0 

+    6 

-   7 

-   5 

-   7 

7 

0 

0 

0 

0 

0 

+   4 

-   4 

+   2 

+    1 

8 

0 

0 

0 

0 

0 

-    1 

-   7 

-    1 

+   8 

9 

0 

0 

0 

0 

-1 

+    1 

+   6 

0 

+  11 

10 

0 

0 

0 

0 

+  1 

+   6 

+   4 

0. 

+   7 

11 

0 

0 

0 

0 

0 

-    1 

+   2 

0 

-18 

12 

0 

0 

0 

0 

+  1 

+    1 

-    1 

+  25 

+   7 

13 

0 

0 

0 

0 

0 

-    1 

+   8 

+   6 

-   1 

14 

0 

0 

0 

0 

-1 

t 

+  15 

+    2 

0 

15 

0 

0 

0 

0 

0 

* 

+   6 

+    1 

16 

0 

0 

0 

0 

+  1 

+    2 

+   4 

1 

17 

0 

0 

0 

0 

0 

+    1 

« 

« 

18 

0 

0 

0 

0 

0 

+   2 

-   3 

-   5 

19 

0 

0 

0 

0 

0    ' 

+  13 

+   3 

-   8 

20 

0 

0 

0 

0 

0 

+    1 

0 

21 

0 

0 

0 

0 

+  1 

-   0 

-   3 

22 

0 

0 

0 

0 

+  18 

+    5 

23 

0 

0 

0 

0 

-    1 

+  12 

24 

0 

0 

0 

+   2 

25 

0 

0 

-   6 

26 

0 

*  Break  in  curve. 


During  the  examiDations  which  arc  recorded  in  the  first  five  columns 
there  was  little  or  no  change  of  the  position  of  tho  line  of  rest,  while 
during  the  examinations  reported  in  the  last  four  columns  considerable 
variations  occurred.  It  was  noticed  that  in  all  the  cases  in  which 
marked  changes  in  the  position  of  the  line  of  rest  appeared,  the  men 
were  in  an  excitable  condition.  Almost  all  the  men  were  slightly  dis- 
turlwd  by  tho  first  examination.  In  the  case  of  A  and  C  the  records 
which  show  the  greatest  variations  were  those  obtained  the  firet  time 
they  were  examined,  while  the  records  which  show  no  variations  were 
gained  at  a  subsequent  examination. 

9—2 
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It  is  evident  then  that  the  knee  may  return  after  each  knee-jerk  to 
the  position  held  before  the  blow  was  struck,  or  that  it  may  come  to 
rest  in  a  new  position,  which  may  be  more  flexed  or  more  extended  than 
before  the  knee-jerk  was  called  out.  As  has  been  shown  such  changes 
ill  position  can  only  result  from  an  altt^raLion  of  t)io  t<'.iision  of  the  lloxor 
and  extensor  muscles  of  the  knee,  and  that  this  was  really  the  cause  of 
the  change  of  position  will  become  still  more  evident  when  we  study  the 
relative  size  of  the  oscillations  which  followed  the  knee-jerk. 

Omitting  for  the  present  the  causes  for  the  varying  degrees  of 
tension  found,  let  us  see  what  eifect  they  exerted  upon  the  extent  of  the 
knee-jerk.  It  is  to  be  remembered  that  the  fact  that  the  spinal  cord  is 
essential  to  the  development  of  the  knee-jerk  is  explained  by  those  who 
disbelieve  that  it  is  a  reflex  act,  on  the  ground  that  the  spinal  cord 
is  indispensable  to  the  tonus  of  the  muscle,  and  that  the  muscle  must 
have. a  certain  amount  of  tension  in  order  to  be  able  to  respond  to  blows 
on  its  tendon.  If  it  be  true  that  the  irritability  of  a  muscle  to  mecha- 
nical stimuli  is  dependent  on  its  tension,  it  would  seem  that  the  extent 
of  the  knee-jerk  would  vary  with  the  degree  of  tension  of  the  muscle. 
In  the  experiments  recorded  there  is  no  lack  of  (changes  of  tension 
of  the  niuscle  or  of  variations  in  the  size  of  the  knoe-jork,  but  the  degree 
of  tension  and  the  size  of  the  knee-jerk  are  entirely  independent  of  one 
another.  The  truth  of  this  statement  is  proved  by  the  following  table, 
in  which  the  changes  in  the  tension  of  the  muscles  as  detennined  by 
the  variations  of  the  position  of  the  line  of  rest  are  recorded  side  by 
side  with  the  height  of  the  knee-jerk  which  was  called  out  immediately 
after  this  change  of  tension. 


Description  of  Table  HI. 

The  table  is  headed  by  the  letters  which  represent  the  names  of  the  suhjecta 
exarainod,  and  beneath  each  of  them  is  the  number  of  another  table  of  this 
paper  in  which  these  same  results  appear.  Below  each  letter  the  results 
of  the  examination  are  armnged  in  two  parallel  columns.  In  the  flrst  ia 
recorded  in  millimetres  the  variations  in  the  position  of  the  line  of  rest  which 
occurred  in  the  succeeding  observations,  the  sign  +  indicating  a  movement 
towards  extension  and  the  sign  —  towards  flexion.  In  the  second  column  is 
stated  the  extent  of  the  knee-jerks  which  were  called  out  when  the  muscles 
had  the  tension  recorded  on  tlie  same  line  in  the  firat  column. 
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Tablk  hi. 


A 

0 

L 

U 

U 

TX 

VII 

VI 

VI 

(cnrre  01) 

Line  of 
rest 

Knee- 
jerk 

liiiie  of 
rent 

Knee- 
jerk 

Line  of 
rest 

Knee- 
jerk 

Line  of 
rest 

Knee- 
jerk 

Line  of 
rest 

Knee- 
jerk 

0 

-  4 

-  5 
+   5 

-  5 
+   5 

-  7 
+   1 
+   8 
+  11 
+   7 
-18 
+    7 

-  1 
0 

+    1 

1 

♦ 

-  5 

-  8 
0 

:  -  3 

;  +  5 

+  12 
+    2 

-  5 

81 
70 
50 
56 
53 
48 
61 
63 
51 
88 
30 
60 
50 
39 
37 

40 

* 

34 
30 
24 
39 
50 
57 
40 
49 

0 
+    5 

-  1 
+  11 
+    2' 
+   7 

-  5 
+    2 

-  1 
0 
0 
0 

+  25 
+    5 

63 
56 
60 
61 
44 
41 
52 
49 
55 
70 
45 
82 
36 
24 

0 
+    2 
+    1 

-  6 

-  5 
+    1 
+    6 
+    4 

-  1 
+    1 
+    6 

-  1 
+    1 

-  1 

« 

+    2 
+    1 
+    2 
+  13 
+    1 

-  9 
+  18 
~    1 

-102 
59 
51 
68 
58 
73 
81 
72 
72 
72 
64 
75 
72 
66 

70 
76 
70 
83 
63 
64 
70 
61 

0 

-  2 

-  3 
+    1 
+    7 
+    2 

-  7 

-  4 

-  7 
+    6 
+    4 
+    2 

-  1 
+   8 
+  15 
+   6 
+    4 
-48 

-  3 
+    3 

81 
60 
71 
77 

85 

? 

55 

65 

95 

94 

75 

96 

79 

88 

81 

75 

♦    • 

80 
92 

0 

-  4 
+  10 
+    7 
+    6 

-  2 
+   3 

-  4 
0 

+   3 

-  1 

r-       5 

-  2 

-  7 

-  7 

-  3 

-  0 
1 

+   5 
+  12 
+    4 
-18 
+    1 
+   3 

-  4 
+    1 

1 

55 
48 
51 
66 
47 
51 
50 
51 
67 
60 
61 
67 
65 
07 
65 
b^ 
73 
75 
69 
74 
72 
64 
67 
71 
85 

*  Break  in  curve. 


From  this  table  \ve  see  that  the  knee-jerk  may  be  large  when  the 
U^nsiou  of  the  muscles  is  high,  medium,  or  low,  and  that  the  knee-jerk 
may  be  small  when  the  tension  of  the  muscle  is  high,  medium,  or  low. 
In  fact  one  can  trace  no  constant  relation  between  the  amount  of  tension 
of  the  muscles  and  the  size  of  the   knee-jerk.     It  is  interesting  to 
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see  how  markedly  the  teDsion  of  the  muscles  may  vary  without  any  cor- 
responding alteration  in  the  si7e  of  the  knee-jerk.  This  is  well  seen  in 
Charts  II,  III.  and  IV. 

In  the  cases  just  studied,  the  tension  of  the  muscles  was  determined 
by  the  position  of  the  line  of  rest  just  after  the  oscillations  caused 
by  the  preceding  knee-jerk  had  ceased.  Ordinarily  no  further  change 
in  the  line  of  rest  was  seen  to  occur  in  the  interval  elapsing  before  the 
next  blow  was  struck.  This  was  found  to  be  the  case  by  experiments  in 
which  the  records  were  taken  on  a  revolving  drum.  Occasionally,  how- 
ever, such  changes  were  seen,  and  in  the  following  table  two  cases 
are  reported  in  which  considerable  variation  in  the  pi^sition  of  the  line 
of  rest  occurred  in  the  iiitorvala  bolwoon  the  sncct^otliiig  knoo-jorkH. 
Since  in  these  cases  the  tension  of  the  muscles  was  changing  almost  at 
the  moment  that  the  blow  was  struck,  one  might  expect  to  find  here,  if 
anywhere,  that  the  extent  of  the  knee-jerk  was  influenced  by  the  tension 
of  the  muscles. 


Deseript'Um  of  Tiddc  lY, 

The  table  is  headed  by  the  lettera  representing  the  names  of  the  two  men 
on  whom  the  examinations  were  made,  and  by  the  numbers  of  the  tables 
in  which  these  results  again  appear  in  this  paper.  The  results  of  the  exami- 
nations are  given  in  four  columns  placed  beneath  these  letters.  In  the  finst 
column  is  recorded  the  position  of  the  knee-joint  just  before  the  blow  was 
struck ;  in  the  second,  the  extent  of  the  knee-jerk ;  in  the  third,  the  position 
of  the  knee  immediately  after  the  oscillations  had  ceasoil ;  and  in  the  l.-ist 
column,  the  change  in  the  position  of  the  knee,  occumng  in  the  interval 
before  the  next  blow  was  struck. 
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'   Extent 
of  the 


tb«  lin«  of   ^ 

pmotion  '' 
held  JQSt  ■ 
licfore  lili>K 


compared 


,    Uie  lino  of 

'     rest  from    ,| 

poEllioa 

held  just    - 

lieforc  blow 


Even  in  tKeso  cases  od«  fails  to  find  any  correspondence  between  the 
size  <if  the  kucc-jork  nw\  tlio  clmnging  tension  of  tlic  muscles,  as 
rccunlcd  in  tlie  third  and  fourth  coliiniiis,  or  the  tension  of  the  uiiiaclos 
voniitared  wiLh  the  Amount  which  they  hml  at  the  beginning  of  tlio 
exmiiination,  :is  stilted  in  the  liral  cohinm. 
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Since  the  tonus  of  the- muscles  is  without  influence  upon  the  size  of  the 
knee-jerk,  Hie  tonus  theory  can  hardly  he  taken  as  a  satisfactory  explana- 
tion of  the  dependence  of  the  phenomenon  upon  the  spinal  cgrd.  A 
study  of  these  experiments  reveals,  moreover,  that  not  infrequently 
the  flexors  as  well  as  the  extensors  contracted  in  response  to  the  blow 
on  the  ligamentum  patellae.  This  result  is  a  very  strong  argiiment 
in  favor  of  the  view  that  the  whole  process  is  reficx.  Tlie  contraction 
of  the  flexors  was  shown  not  only  by  the  marked  changes  in  the  position 
of  the  line  of  rest  which  occasionally  occurred,  but  it  was  plainly  visible 
in  the  effect  which  it  exerted  upon  the  extent  of  the  oscillations  of 
the  leg  following  the  knee-jerk. 

If  one  refers  to  Table  I.  and  Chart  I.  he  sees  that  the  averages 
of  the  oscillations  occurring  in  these  extremely  regular  observations 
were : — 

1st  extension  =f  100^  1st  flexion  =  50,  2nd  extension » 23,  2nd 
flexion  =  8. 

In  other  words,  he  notices  that  the  first  flexion  equalled  about 
half  the  movement  of  the  kncc-jcrk,  the  socoiul  extension  wjis  a 
little  loss  tlian  half  the  first  flcxioti,  and  tliat  the  second  flexion  was  a 
little  more  than  n  third  iff  the  second  extension.  A  glance  at  'J  able 
v.,  however,  shows  one  that  this  proportion  is  far  from  constant,  even 
in  the  case  of  men  who  are  calm  and  quiet  at  the  time  of  the  ex- 
periment.    Table  V.  has  the  same  form  as  Table  I. 

The  averages  obtained  from  this  table  are  as  follows,  viz.:— 

latExten.        IstFlez.       2nd£xten.     2nd  Flex. 


G. 

+  31 

-14 

+  7 

-3 

X. 

+  34 

-14 

+   8 

-4 

0. 

+  94 

-47 

+  25 

-8 

D. 

+  33 

-14 

+   8 

-3 

These  averages  show  a  general  tendency  for  the  second  extension 
to  \ye  larger  in  proportion  to  the  first  flexion,  than  the  first  flexion 
to  the  first  extension  or  the  second  flexion  to  the  second  extension, 
a  result  which  one  would  scarcely  expect  in  case  the  oscillations  were 
caused  by  the  force  of  gravity  and  the  elastic  recoil  of  the  musclea 
The  size  of  the  second  extension  suggests  that  the  extensors  in  these 
cases  did  not  immediately  relax. 

The  above  experiments  wore  upon  men  who  were  calm  at  the 
time  of  the  examination.  This  was  seldom  the  case  at  the  first 
examination.      The   fact   that  a  stranger  was  about   to   experiment 
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upon  them  in  some  unknown  way  excited  neaxly  all  of  the  men,  more 
or  less.  When  any  of  them  was  examined  a  number  of  times,  or  often 
towards  the  end  of  the  first  examination  when .  the  excitement  had 
worn  off,  the  records  were  similar  to  those  recorded  in  Tabic  V,  This 
excitement,  even  though  slight,  generally  sufficed  to  lessen  the 
oscillations  of  flexion  and  to  exaggerate  those  of  extension  more  than 
in  the  cases  reported  in  Table  Y.  Examples  of  this  condition  are  given 
in  Table  VI. 

Table  VI. 

L,  Curve  15.  U,  Curve  .52. 


Knoo- 

Kneo- 

No.  of 

jerk  or 

iHt 

2nd 

2na 

Gliango 

No.  of 

jcrk  or 

l8t 

2iul 

2iia 

Change 

Obser- 

1st 

Flex. 

Exten. 

Flex. 

of  line 

Obser- 

iBt 

Flex. 

Exten. 

Flex. 

of  lino 

vation 

Exten. 

of  rest 

vation 

Exten. 

of  rest 

+ 

— 

+ 

- 

+ 

- 

+ 

- 

1 

102 

29 

6 

5 

+   2 

1 

81 

5 

-   2 

3 

-    2 

2 

69 

31 

6 

2 

+   1 

2 

60 

32 

7 

8 

-    3 

3 

51 

28 

2 

1 

-   6 

3 

70 

16 

11 

11 

+    1 

4 

68 

37 

7 

12 

-   5 

4 

77 

11 

22 

1 

+   7 

5 

68 

29 

12 

4 

+    1 

5 

85 

+   8 

9 

+    1 

+    2 

6 

73 

18 

17 

+   2 

+   6 

6 

Foot  m 

oved  s 

>ontaneou8ly 

-    7 

7 

81 

0 

46 

+  14 

+   4 

7 

55 

26 

12 

8 

-    4 

8 

72 

19 

18 

4 

-   1 

8 

65 

1 

1 

1 

-    7 

9 

72 

18 

15 

4 

+    1 

9 

95 

6 

12 

+   5 

+    6 

10 

72 

+    2 

39 

? 

+    6 

10 

94 

4 

37 

6 

+    4 

11 

64 

14 

21 

4 

-    1 

11 

75 

9 

30 

3 

+    2 

12 

75 

8 

12 

1 

+    1 

12 

96 

14 

4 

3 

-    1 

13 

72 

8 

14 

3 

-    1 

13 

79 

t 

1 

1 

+    8 

14 

66 

18 

18 

1 

1 

14 

88 

+   5 

50 

+   7 

+  15 

15 

Breiil 

c  in  cu 

rve 

15 

81 

21 

38 

+   4 

+    C 

16 

70 

12 

16 

+    1 

+    2 

16 

75 

13 

39 

0 

+    4 

17 

76 

6 

14 

0 

+    1 

17 

P 

I'eak  i] 

n  ciii've 

-48 

18 

70 

10 

27 

+    1 

+    2 

18 

80 

0 

20 

6 

-    3 

19 

83 

7 

27 

+  11 

+  13 

19 

92 

11 

35 

+   1 

+    3 

20 

63 

1 

3 

? 

+    1 

21 

64 

26 

0 

? 

-   9 

22 

70 

+   3 

36 

+  14 

+  18 

. 

23 

61 

7 

9 

2 

-   1 

Thus  in  the  case  of  L,  curve  15,  every  observation,  except  number 
21,  from  number  6  through  the  table,  shows  that  the  first  flexion  was 
small  in  proportion  to  the  first  extension,  the  second  extension  was  not 
only  large  in  proportion  but  frequently  larger  than  the  first  flexion, 
and  the  second  flexion  was  very  small.     In  observations  10  and  22  the 
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lirst  flexion  did  not  even  got  back  to  the  line  of  rest,  and  tho  samo  ia 
tniQ  of  the  iiocond  flexion  in  observations  6,  7,  Iti,  17, 18, 19  and  22. 

Examination  of  U,  curve  52,  shows  a  similar  state  of  things.  There 
tiro  tlie  Kime  excessive  oscillations  of  extension  and  small  oscillations 
of  flexion,  in  a  lar^e  proportion  of  the  obsorvatiens,  while  the  first 
oscillation  of  flexion  does  not  get  bock  to  the  line  of  rest  in  observa- 
tions 5  and  14,  and  the  second  flexion  does  not  get  back  in  numbers  5, 
9, 14,  15  and  19. 

Tlicac  peculiarities  arc  well  seen  in  the  case  of  L,  curve  15,  reconlcd 
in  Chart  II. 

L,  Curve  15. 


One  cftuiint  observe  the  tondcnt^  shown  in  tlicno  cases  for  tho 
extensor  muscles  to  check  the  oscillations  of  llcxion  and  to  increase  the 
nscilliitionR  of  cxteuHien,  witliout  noticing  the  remarkable  cxceptionx  to 
Uiis  tendency.  Thus  in  L,  curve  16,  one  sees  the  second  extcosion  to 
be  very  small  in  observations  1,  2,  3  and  4,  and  in  observation  1  the 
second  flexion  is  nearly  as  large  as  the  preceding  extenaion,  while  in 
observation  4  it  is  even  larger.  In  IT,  curve  52,  there  is  a  still  more 
interesting  exception,  for  in  observation  1  the  second  extension  does 
not  get  back  to  the  line  of  rest  and  the  second  flexion  is  larger  than  the 
second  extension. 

These  exceptions  are  of  the  greatest  interest,  because  they  can 
scarcely  be  explained  except  by  assuming  a  contraction  of  the  flexor 
muscles  of  the  knee.  Such  observations  are  of  frequent  occurrence  and 
nro  iinipicstionably  accurate.  In  certain  cases,  indeed,  the  contraction 
of  the  flexors  is  so  strong  as  not  only  to  check  the  second  extension  but 
to  lessen  the  extent  of  the  kncc-jcrk.  C,  curve  IG,  recorded  in  Table 
VII.  and  Chart  III.  is  a  case  in  point.  The  first  flexion  is  dispropor- 
tiunuteiy  large  in  moKt  of  these  experiments,  and  in  ob^ervatiuas  6,  8, 
Hiid  !l  it  K  us  large,  or  even  larger  thiin  the  knee-jerk. 
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Table  VII. 

C,  Curve  16. 


No.  of 
ObBcr- 
Yfttion 


1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 


Knoo- 
jerk  or 

let 
Ezten. 


iBt 

Flex. 


63 
56 
60 
61 
44 
41 
52 
49 
55 
70 
45 
82 
36 
24 


46 
45 
44 
58 
39 
44 
35 
49 
62 
56 
30 
31 
13 
6 


2nd 
Ezten. 


9 
23 
20 
36 
31 
14 
16 
18 
24 
22 
17 
36 
11 

5 


2nd 
Flex. 


0 

10 

+   7 

27 

4 

24 

2 

5 

5 

5 

6 

+  15 

+   2 

1 


Change 
of  line 
of  rest 


+  5 
~  1 
+  11 
+  2 
+   7 

-  5 
+   2 

-  1 
0 
0 
0 

+  25 
+  5 
-I-   2 


C,  Curve  16. 


The  size  of  the  second  extension  and  the  second  llexion  together 
with  the  shape  of  the  curve,  shows  that  the  extensors  as  well  as  the 
flexors  were  actively  contracting.  In  cases  such  as  the  above  one  sees 
the  knee-jerk,  though  beginning  rapidly  and  vigorously,  to  be  suddenly 
checked  and  changed  to  flexion,  which  movement,  as  luu<  just  been 
shown,  may  bo  even  greater  than  the  knee-jerk.  This  result  corrosix>nds 
with  the  observations  of  certain  physicians,  who  have  told  me  that  they 
have  come  to  doubt  the  extent  of  the  knee-jerk  as  an  accurate  measure 
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of  the  activity  of  tho  process,  and  that  they  were  in  the  habit  of  basing 
their  conclusions  upon  the  rapidity  and  '*  jcrkiness"  of  the  phenomenon 
as  well  as  upon  the  amount  of  the  movement 

The  fact  that  both  flexors  and  extensors  may  be  excited  by  the  blow 
ou  the  ligameutum  patellae,  or  its  results,  is  shown  in  still  other  cases 
where  the  oscillations  of  extension  and  flexion  instead  of  being  long  and 
pendulum-like  are  short  and  jerky  in  character,  so  that  they  remind  one 
of  clonus.  In  these  cases  it  is  probable  that  both  of  the  antagonists  are 
actively  contracting ;  and  the  leg  oscillates  as  if  swinging  between  two 
tightly  stretched  elastic  bauds.  This  is  illustrated  by  the  experiments 
recorded  in  Table  VIII. 


Table  VIIL 


Q,  Curve  29». 


No.  of 
Ohser- 
vation 

Knee- 
jerk  or 

l8t 

Exten. 

l8t 

Flex. 

2nd 
Exten. 

2nd 
Flex. 

Change 
of  line 
of  rest 

Farther 
ohange 
of  line 
of  rest 

+ 

+ 

+    7 

1 

83 

15 

14 

+  10 

-9 

2 

65 

12 

9 

+    3 

+    4 

-3 

3 

56 

7 

7 

0 

+    2 

-1 

4 

55 

12 

4 

1 

+     1 

-2 

5 

42 

3 

8 

+   2 

+    3 

-2 

6 

59 

2 

11 

+    4 

+    3 

-2 

7 

26 

9 

4 

3 

0 

-1 

8 

53 

3 

6 

+    1 

+    2 

-4 

9 

36 

3 

10 

1 

+   4 

-2 

10 

39 

5 

4 

1 

0 

-2 

11 

52 

4 

8 

1 

+    3 

-2 

12 

42 

9 

1 

7 

-   5 

-8 

13 

70 

+  29 

26 

+  20 

+  20 

-4- 

14 

32 

6 

7 

2 

-    1 

-4 

15 

54 

5 

7 

+    2 

+   3 

-I 

16 

58 

10 

3 

3 

-    1 

-1 

17 

50 

2 

8 

0 

0 

0 

18 

44 

2 

7 

+    3 

+   3 

-1 

19 

32 

3 

9 

+    3 

+   4 

-1 

20 

56 

8 

3 

+    6 

+   6 

-4 

21 

47 

6 

9 

0 

0 

142 


W.  P.  LOMBARD. 


The  curves  recorded  in  this  table  show  many  irregularities,  and  there 
were  other  examinations  made  in  which  no  prevailing  tendency  could 
be  observed,  but  every  possible  variation  was  found.  These  peculiar 
results  are  explained  by  the  fact  that  sometimes  the  flexors  and  some- 
times the  extensors  of  the  knee  exert  the  controlling  influence.  A 
curve  14,  recoi-ded  in  Table  IX.  and  Chart  IV.  is  a  good  example  of  the 
eccentricities  possible  to  the  knee-jerk. 


Table  IX 

A,  Carve  14. 


Knee- 

No.  of 

jerk  or 

l0t 

2nd 

2nd 

Change 

Obaer- 

l8t 

Flex. 

Exten. 

Flex. 

of  line 

vation 

Ezten. 

of  rest 

+ 

- 

+ 

- 

1 

81 

45 

18 

24 

-    4 

2 

70 

29 

? 

1 

-    5 

3 

50 

13 

4 

1 

+   5 

4 

56 

17 

2 

4 

-   5 

6 

53 

6 

18 

+   5 

+    5 

6 

48 

14 

2 

! 

-   7 

7 

61 

14 

10 

+   1 

+   1 

8 

63 

8 

13 

3 

+   8 

9 

51 

+   4 

15 

1 

+  11 

10 

88 

5 

17 

+   7 

+   7 

11 

30 

30 

11 

19 

-18 

12 

GO 

0 

18 

1 

+   7 

13 

50 

14 

5 

3 

-   1 

14 

39 

18 

4 

0 

0 

15 

37 

+   1 

12 

1 

+   1 

16 

40 

2 

12 

1 

1 

17 

Bre 

ak  in  ci 

irve 

18 

34 

17 

4 

7 

-   5 

19 

30 

18 

0 

1 

-   8 

20 

24 

8 

10 

3 

0 

21 

39 

29 

0 

10 

-   3 

22 

50 

8 

10 

1 

+   5 

23 

57 

9 

31 

+  15 

+  12 

24 

40 

7 

6 

0 

+   2 

26 

49 

14 

7 

7 

-   5 
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A,  Curve  14. 


The  first  oscillation  of  flexion  was  prevented  from  returning  to  the 
line  of  rest  in  observations  9, 12  and  15.  The  same  is  true  of  the  oscil- 
lation of  second  extension  in  19  and  21.  The  first  oscillation  of  flexion 
is  dLsproportionatcly  largo  in  11  and  21.  The  second  extension  is  larger 
than  the  first  flexion  in  a  large  proportion  of  the  cases,  yet  the  second 
ilcxion  is  larger  than  the  second  extension  in  1,  4,  11,  18  and  21.  The 
second  flexion  does  not  attain  the  line  of  rest  in  6,  7,  10  and  23. 

The  results  of  these  experiments  can  leave  no  doubt  that  under 
certain  circumstances,  at  least,  the  flexors  as  well  as  the  extensors  are 
thrown  into  contraction  by  the  blow  on  the  ligamentum  patellae  or  its 
scqiioUac.  This  diacovcry  is  of  great  importance  not  only  as  enabling  us 
to  undci'stand  tlic  chamctcr  of  the  knee-jerk,  but  also  as  a  hint  as  to  the 
methods  of  muscular  co-ordination.  It  has  long  been  thought  that 
antagonistic  muscles  both  act  at  the  same  time  and  that  all  the  move- 
ments of  the  limbs  are  the  result  of  finely  graded  differences  in  these 
opposing  forces.  I  discovered  while  working  in  LeipzigS  that  all  the 
muscles  of  the  frog's  leg  will  respond  nearly  simultaneously  to  a  strong 
reflex  stimulus,  and  it  seems  to  me  that  the  experiments  reported  in 
this  paper  favor  the  view  that  the  same  thing  is  true  of  co-ordinated 
muscular  actions  in  man.  It  is  probable,  however,  that  the  contraction 
of  the  antagonist  is  well  developed  only  when  the  action  is  vigorous  or 
extended. 

There  can  be  no  doubt  that  the  blow  on  the  ligamentum  patellae 
resulted  in  a  contraction  of  the  flexor  as  well  as  of  the  extensor  muscles 
in  many  of  my  experiments.  How  were  the  flexors  stimulated,  reflexly, 
or  directly  by  the  strain  brought  upon  them  by  the  extension  of 
the  knee  ? 

^  *'  Die  raamliche  and  zeitliohe  Aufeinanderfolge  reflectorisch  contrahirter  Muskeln." 
Arehivfur  Anal.  u.  Physiol.,  Physiol.  Abihi.,  1SS5. 
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I  am  inclined  to  think  that  the  extensors  and  flexors  are  both 
irritated  by  the  same  process.  The  twitch  of  the  tendon  caused  by  the 
blow  on  the  ligament  probably  irritates  the  ends  of  the  centripetal  nerves 
lying  in  the  tendon  and  muscle,  and  these  nerve  ends  develop  a  stimulus 
which  excites  the  reflex  centres  of  the  spinal  cord.  How  many  reflex 
centres  are  aflbcted  and  how  strong  a  reflex  action  is  developed  depends 
on  the  strength  of  the  irritant  and  on  the  condition  of  the  reflex 
mechanisms  at  the  time.  When  the  person  is  calm  and  quiet,  only  the 
extensors  appear  to  be  stimulated,  but  when  he  is  excited,  the  flexors,  as 
well,  receive  reflex  stimuli.  The  extensors  are  irritate<l  first  and  their 
contraction  is  under  way  before  the  flexors  begin  to  contract ;  neverthe- 
less, the  difference  in  time  is  not  great,  as  is  shown  by  the  fact  that  the 
contraction  of  the  flexors  often  follows  that  of  the  extensors  with  suffi- 
cient rapidity  to  prevent  the  completion  of  the  movement  of  extension. 
Thus  one  may  see  at  the  beginning  of  a  series  of  experiments,  when  the 
man  is  excited,  very  small  knee-jerks  though  the  movements  are  sudden 
and  violent.  Gradually,  as  the  man  becomes  calmer,  the  knee-jerks 
become  longer  and  less  jerky,  and,  finally,  as  he  quiets  down  still  more, 
they  get  small  again.  The  effect  of  the  excitement  was  to  cause 
an  active  contraction  of  the  flexors  almost  simultaneously  with  that  of 
the  extensors,  and  this  antagonistic  action  checked  the  knee-jerk 
before  completion.  As  the  excitement  became  less,  the  flexors  were 
stimulated  less,  and  the  contraction  of  the  extensors  was  able  to  show 
itself  in  a  larger  knee-jerk.  When  the  subject  had  become  calm,  the 
extensors  alone  were  irritated,  and  they  received  a  milder  stimulus,  so 
that  the  knee-jerk  was  small  again.  Such  was  the  condition  in  the  case 
of  C,  curve  3,  recorded  in  the  following  Table,  X. 

This  explanation  is  in  harmony  with  what  we  know  of  reflex 
actions,  in  general.  A  slight  irritation  will  call  out  a  reflex  contrac- 
tion of  a  few  muscles,  and  a  stronger  irritant  applied  to  the  same  part 
will  excite  a  stronger  contraction  of  these  muscles  and  at  the  same 
time  stimulate  certain  other  muscles.  The  nnisclos  which  respond  to 
the  least  stimulus  also  contract  first  when  more  muscles  are  excited  by 
the  stronger  irritant. 

It  may  be  asked,  however,  is  it  not  possible  that  the  contraction  of 
the  flexors  is  due  to  a  direct  mechanical  stimulation  of  the  muscle 
fibres  by  the  sudden  strain  brought  upon  them  by  the  rapid  extensiou 
of  the  knee?  There  are  several  reasons  why  this  explanation  is  un- 
satisfactory. First  of  all  one  remembers  that  the  flexors  often  contract 
very  actively  when  they  have  been  subjected  to  a  very  slight  strain. 
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Taui-e  X. 
C,  OniTe  3. 


Knoc- 

No.  of 

jerk  or 

iRt 

2nd 

2nd 

Clmngc 

Obaer- 

l8t 

Flex. 

Exten. 

Flex. 

of  line 

yation 

Exten. 

of  rest 

• 

+ 

- 

+ 

- 

1 

47 

3 

0 

8 

-    4 

2 

Tremblinpf  of  muscles 

+    3 

3 

59 

37 

12 

+    1 

+   7 

4 

72 

05 

3 

7 

-   4 

6 

69 

09 

-10 

13 

-    2 

C 

76 

27 

17 

1 

+    5 

7 

96 

50 

42 

+  17 

+  14 

8 

107 

52 

52 

+   2 

+    2 

9 

Treiiibliuj^  of  iiiiiscloH 

+  11 

10 

90 

.01 

48 

+  13 

+  20 

11 

07 

47 

40 

+   7 

+  22 

12 

24 

13 

Break  in  curve  \  stan 

;  again 

U 

82 

44 

11 

5 

+   2 

15 

54 

19 

5 

0 

-   3 

16 

40 

00 

22 

9 

+   2 

17 

27 

54 

-    1 

24 

-10 

IK 

K(K)('  IIIOVOH  N|M)ll(mi<M>l(Kly 

1-    2 

10 

03 

50 

31 

10 

+   4 

20 

40 

54 

29 

5 

+    8 

21 

71 

53 

33 

t 

+    2 

22 

45 

25 

13 

1 

+    2 

23 

37 

29 

11 

4 

0 

24 

55 

44 

17 

5 

0 

25 

45 

22 

9 

2 

+    1 

20 

54 

40 

20 

8 

^    1 

27 

53 

33 

10 

3 

+    1 

28 

57 

41 

19 

12 

-    3 

and  that  a  slight  strain  is  unable  to  excite  a  muscular  contraction. 
In  the  case  of  the  extensors,  for  instance,  we  find  that  depression  of 
the  ligaincntum  patellae  even  if  sudden  when  performed  by  the  fingers 
does  not  cause  a  knee-jerk;  nor  does  sudden  flexion  of  the  knee,  when 
produced  by  the  liand.  The  still  greater  suddenness  or  jar  of  a  blow 
on  the  ligament  is  necessary  to  the  development  of  the  phenomenon. 
It  is  probable  that  the  same  is  true  of  the  flexors,  and  certainly  we 
find  that  sudden  extension  of  the  knee  by  the  hsxnd  does  not  cause 
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contraction  of  the  flexors.  The  strain  brought  on  the  flexors  by  the 
extension  of  the  knee  must  be  a  very  gradual  one,  and  not  to  bo  com- 
pared with  the  twitch  which  a  blow  on  the  ligament  would  produce. 
Moreover,  the  flexors  often  contract  when  the  foot  has  made  only  a 
slight  movement.  Thus  in  observation  11,  of  A,  curve  14,  in  Table  IX., 
the  foot  had  moved  only  30  millimetres  when  the  extension  was 
checked  by  the  contraction  of  the  flexors.  To  have  checked  the  knee- 
jerk  at  this  point  the  contraction  of  the  flexors  must  have  started  when 
the  foot  had  moved  even  less  than  this  distance.  Such  a  slight  move- 
ment of  the  foot  would  be  accompanied  by  a  stretching  of  the  long 
flexor  muscles  of  only  at  the  most  three  or  four  millimetres.  Nor  is 
this  an  isolated  example.  In  case  of  C,  curve  3,  Table  X ,  observation 
15  gives  the  movements — h  27,  —  54,  —  1,  —  24,  that  is  to  say,  the 
extensors  had  only  extended  the  foot  27  millimetres  when  a  violent 
contraction  of  the  flexors  occurred  which  stopped  the  knee-jerk  short 
and  produced  a  backward  swing  of  the  foot  of  54  millimetres.  Many 
other,  though  perhaps  less  striking  examples,  are  recorded  in  the  table. 

One  can  scarcely  believe  that  such  a  slight  strain  would  cause  an 
active  contraction  of  the  flcxora  when  ho  sees  in  the  same  examinations 
that  a  much  greater  strain  has  no  such  eflect.  It  nuiy  bo  said  that  this 
argues  as  well  against  the  theory  of  reflex  as  of  peripheral  irritation. 
This  is  not  so,  however,  because  we  have  evidence  that  the  reflex 
centres  are  continually  undergoing  changes  in  irritiibility,  while  as  far 
as  we  know  the  irritability  of  the  muscles  does  not  change  much 
within  short  intervals  of  time. 

I  have  already  called  attention  to  the  fact  that  the  flexors  some- 
times not  only  check  the  contraction  of  the  extensors,  but  actually 
contracted  further  than  the  extensors  had  done.  It  is  hard  to 
understand  how  a  muscle  by  contracting  can  irritate  its  antagonist 
to  a  stronger  contraction  than  it  itself  made,  unless  indeed  its 
antagonist  was  the  more  irritable  of  the  two.  This  explanation  will 
not  suffice,  because  the  excessive  contractions  of  the  flexors  oidy  appear 
as  exceptions,  and  as  a  rule  the  contractions  of  the  extensors  are 
riuich  the  larger. 

Summary  of  Results. 

There  are  two  theories  of  the  nature  of  the  knee-jerk ;  the  ono 
regards  it  a  reflex  action,  the  other  a  purely  peripheral  process.  The 
reflex  theory  rcaclily  explains  the  intimate   dependence   of  the  phe- 
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nonienoQ  upon  the  spinal  cord,  and  the  tiino  argument,  owing  to  our 
meagre  knowledge  of  reflex  times,  in  general,  is  inconclusive.  The 
peripheral  theory  is  not  tenable,  because  the  explanation  which  it  offers 
of  the  dependence  of  the  knee-jerk  u|)ou  the  spinal  curd  is  unsatis- 
fsictory.  It  assumes  that  muscle-tonus  is  continuous,  and  that  the 
irritability  of  the  muscle  to  mechanical  stimuli  is  dependent  on  its 
tension;  both  assumptions  are  without  proof.  Moreover,  the  theory 
is  opposed  by  many  facts. 

The  knee-jerk  may  bo  present  when  muscle  tonus  appears  to  be 
wanting,  and  may  be  absent  in  the  case  of  men  who  apparently  have  a 
normal  amount  of  tonus.  When  the  knee-jerk  is  lacking  it  cannot  be 
restored  by  any  amount  of  tension  which  can  be  artificially  supplied  to 
the  muscle. 

The  tonus  theory  does  not  explain  the  difference  which  always 
exists  in  the  size  of  the  successive  knee-jerks,  for  it  is  found  experi- 
mentally that  the  size  of  the  knee-jerk  is  not  influenced  by  slight 
variations  in  the  tension  of  the  muscle;  nor  can  the  changes  in  tho 
amount  of  the  knee-jerk  be  attributed  to  alterations  of  the  irritability 
of  the  muscle  dependent  on  fine  variations  in  tonus,  because 
experiments  show  that  the  irritability  of  the  muscle  does  not  change 
within  short  intervals  of  time. 

The  peripheral  theory  d«>es  nob  explain  the  roenforccmcnts  of  tho 
knee-jerk,  because  reenforciiig  acts,  unless  very  violent,  do  not  alter  the 
tension  or  irritability  of  the  muscles. 

The  discovery  of  Mitchell  and  Lewis,  that  muscular  contractions 
called  out  by  electrical  stimulation  cannot  be  reenforced,  is  inexplicable 
by  the  peripheral  theory  though  readily  explained  by  the  reflex  theory. 

Finally,  occasionally  the  flexors,  as  well  as  the  extensors,  of  the 
knee  are  seen  to  contract  in  rcs{K>nRe  to  the  blow  on  tlio  ligainentuin 
patellae.  This  contraction  of  the  flexor  muscles  is  of  reflex  origin, 
and  there  is  little  reason  to  doubt  that  the  extensors  are  irritated  by  the 
same  reflex  proce&s.  The  idea  that  the  flexors  are  mechanically 
stimulated  by  the  strain  brought  on  them  by  the  sudden  extension  of 
the  knee  is  untenable,  because  we  know  that  muscles  are  not  irritated 
by  slight  stRuns  on  their  tendons,  and  tho  flexors  are  seen  to  contract 
when  the  knee  has  extended  so  little  as  to  bring  almost  no  strain  u[)on 
them ;  moreover,  in  spite  of  the  fact  that  muscle  irritjibility  does  not 
change  within  short  intervals  of  time,  siTiall  knee-jerks  may  be  seen  to 
be  accompanied  by  marked  contractions  of  the  flexors,  and,  immediately 
after,  large  knee-jerks  by  little  or  no  flexor  contraction. 
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Since  only  the  reflex  theoiy  can  satisfactoi-ily  explain  the  influence 
of  the  central  nervous  system  over  the  extent  of  the  knee-jerk,  we 
must  adopt  it,  and  must  look  to  future  experimental  work  on  reflex 
times  to  remove  the  apparent  contradiction  involved  in  the  rapidity  of 
the  process. 


ON  THE  NORMAL  DURATION  AND  SIGNIFICANCE 
OF  THE  *«LATENT  PERIOD  OF  EXCITATION"  IN 
MUSCLE-CONTRACTION.  [An  Addendum  and  Cokrec- 
TioN.]    By  GERALD  V.  YEO. 

Professor  von  Reg^czy,  of  Budapest,  iDforms  mc  in  a  private 
letter,  that  some  erroneous  conceptions  of  his  work^  appear  in  my 
IKipcr'  in  the  last  volume  of  this  Journal. 

I  have  much  pleasure  in  taking  the  earliest  opportunity  of  correcting 
the  mistakes  and  of  apologising  to  him  for  having  misunderstood  his 
methods.  I  have  also  to  thank  him  for  the  courteous  manner  in  which 
he  has  called  my  attention  to  the  following  points. 

In  describing  his  method  of  testing  the  elongation  of  the  spiral 
spring  he  says,  (page  500),  "jetzt  ziehe  ich  das  obere  Ende  der  Spirale 
**lic»ri.ig  an,  wolchos  Monicnt,  sowie  die  Dauer  der  Handbewegung  ein 
"Dcprdz'sches  Chronograph,  dusscu  Strom  (lurch  oino  Stinnngabol  von 
*'100  Schwingungen  unterbrochen  wird,  gleichfalls  auf  den  Cylinder 
"aufzeichnet" 

In  the  absence  of  further  detail  I  imagined  the  movement  was  made 
by  the  hand,  and  I  wrote  (page  434 — 435)  that  he  "tests  the  elongation 
of  a  spiral  spring  by  the  graphic  method.  With  a  writing  point 
atUichcd  to  the  weight  and  a  Doprdz  signal  to  record  the  hand-motion, 
he  niukes  a  tnicing  on  a  rapidly  roUiting  <lruni  wiiile  he  jerks  the 
"upper  end  of  the  spring."  And  on  the  same  page  I  remark  that  my 
methoii,  Le.  using  a  frog's  muscle  to  move  the  spring  "has  at  least  the 
"advantage  of  being  free  from  adventitious  hand-jerks." 

He  now  sends  me  a  diagram  of  his  method  and  explains  that  "das 
'*Anziehen  der  Spiralfcder  geschah  durch  das  schnelle  Heruntcrdrucktn 
"eiues  als  stromschliessenden  Schlussel  dienendcn  Hebels,  welchcr  in 
"der  aniiinglichen  Stellung  den  electrischen  Strom  vom  Stimmgabcl 
"und  vom  Chronographen  abblendete;  diese  Abbleudung  wurdc  vviih- 

*  PjUhj^rt  Arch,,  J5d.  xi^u.,  S.  SSI.  '  Volume  ix,  p.  300. 
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"rend  der  Efebelbewegung  aufgehoben,  somit  war  bei  meiacr  Mctliodo 
"von  'adventitious  band-jerks'  keine  Rede." 

Concerning  the  lithograph  of  the  myogram  appended  to  his  work 
I  say  (p.  43G),  **From  a  careful  examination  of  the  curves  given  by 
"Reg^czy  it  does  not  appear  at  all  clear  to  me  that  the  depressions 
'depend  on  stimulation  of  the  muscle. 

'*In  all  but  one  of  these  myograms  in  which  the  elongation  occurs,  it 
"begins  at  varying  distances  before  what  is  marked  as  the  point  of 
"stimulation,  and  the  depression  is  visible  in  eight  out  of  ten  tracings 
"though  from  the  context  only  five  were  stimulated  below,  and  therefore 
"only  that  number  should  have  shown  the  elongation. 

"I  have  often  observed  similar  irregular  depressions  in  the  muscle 
"curve  preceding  or  during  the  latent  period,  and  have  thought  them  to 
"be  caused  by  accidental  oscillation  of  the  lever.*' 

Prof,  von  Regdczy  has  now  kindly  sent  me  some  of  his  original 
photograms,  including  that  from  which  the  plate  in  question  was  t'lken. 

Had  I  seen  these  instead  of  the  lithograph  I  certainly  should  not 
have  made  the  above  remarks,  which  though  true  of  the  lithograph  arc 
not  so  of  the  originals.  In  these  the  interlatent  depression  in  each  curve 
is  most  definite  and  regular;  it  commences  about  the  middle  of  the 
latency  and  is  quite  absent  in  those  curves  in  which  the  stimulation 
was  applied  at  the  upper  part  of  the  muscle. 

I  am  glad  Prof,  von  Reg^czy  sees  that  the  lithograph  is  to  blame 
for  he  says  in  his  letter,  "Was  jene  Curven  anbelangt  welche  in 
"Lithographie  wiedergegeben  sind,  so  machen  dieselben— wie  im  allge- 
*'meinen  die  lithographische  Lcistungon — auf  PUnktliolikeit  keincn 
**Anspruch." 

I  am  extremely  sorry  that  this  unlooked-for  inaccuracy  in  tho 
lithograph  prevented  my  corroborating  the  opinion  of  tho  Author,  ami 
caused  me  to  appear  to  question  the  logic  of  his  conclusions,  which  I 
now  learn  from  his  beautiful  original  curves  arc  based  on  very  dear 
and  convincing  evidence. 

He  was  also  good  enough  to  call  my  attention  to  the  fact  that  on 
page  430  of  my  paper  the  number  -0098"  is  printed  in  error,  as  the 
mean  latency  for  the  whole  muscle,  instead  of  '0089"  the  mean  of  the 
figures,  -0082"  and  -0096",  given  by  him  (page  GOG}. 

He  considers  the  extreme  variations,  which  I  mention  in  the  sjimc 
paragraph  as  being  excessive,  do  not  at  all  impugn  the  reliability  of  his 
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method,  bcouisc  the  stimulation  was  applied  in  different  ways  to 
different  parts  of  the  muscle. 

Instead  of  saj'ing  that  "in  one  series  of  experiments"  the  latency 
varictl  between  "0052"  and  0033",  I  should  have  given  sepiirately  the 
variations  of  the  two  parts  of  his  series  (page  604)  thus  : 

When  stimulated  above  the  latency  varied  between  *01o2''  and 
•0075";  when  stimulated  below  it  varied  between  0129"  and  0036". 

The  variations  from  'OO-tS"  to  '0019"  named  in  the  same  paragraph 
of  my  paper  occurred  in  a  series  of  experiments  in  which  the  muscle 
was  alternately  stimulated,  at  both  ends  synchronously,  at  one  end  only, 
or  in  the  middle.  The  difference  of  method  Prof,  von  Regeczy  con- 
siders quite  explains  this  variation  of  the  latency. 

In  determining  the  latency  of  the  transverse  thickening  of  the 
muscle  I  found  that  stimulation  in  the  middle,  at  the  extremities,  or  at 
b(»tli  parts  simultaucou.««ly  did  not  cause  any  such  variations. 
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ON  THE  RELATION  BETWEEN  THE  STRUCTURE, 
FUNCTION,  DISTRIBUTION  AND  ORIGIN  OF  THE 
CRANIAL  NERVES ;  TOGETHER  WITH  A  THEORY 
OF  THE  ORIGIN  OF  THE  NERVOUS  SYSTEM  OF 
VERTEBRATA.    Br  W.  H.  GASKELL,  M.D..  F.RS. 

(Plates  XVI.— XX.) 

A  preltminai'y  account  of  the  first  part  of  this  paper  ia  published  in 
Vie  Proceedings  of  Hie  llojal  Society,  Vol,  43,  p,  382,  and  in  Hie 
Medico-chimrgicdl  Transactions^  Vol,  71,  p,  3G3;  and  a  condensed 
account  of  the  second  part  in  a  paper  read  before  Hie  Anatomical  Society 
on  June  23,  1888,  and  published  in  tlie  Journal  of  Analomy  and 
Physiology,  Vol,  23. 

PART  I. 

On  TIJK  UBI.ATION  DETWEEN  THE  STIIUCTUIIE,  FUNCTION,  DISTRIBUTION 

AND  ORIGIN  OF  THE  CRANIAL  NERVES. 

In  a  former  paper'  I  pointed  out  that  the  conception  of  a  spinal 
nerve  as  described  there,  removed  many  of  the  difficulties  which  have 
hitherto  hindered  the  comparison  of  the  cranial  with  the  spinal  nerves ; 
in  this  paper  I  propose  to  compare  structure  and  centres  of  origin  as 
regards  the  cranial  with  the  spinal  nerves,  more  closely  than  I  was  able 
to  do  at  that  time.  In  order  to  make  such  a  comparison  with  any  chance 
of  success,  it  is  necessary  in  the  first  place  to  have  a  clear  conception  of 
the  elements  composing  a  typical  spinal  nerve;  in  addition  it  is  most 
essential  to  understand  as  far  as  possible  the  centres  of  origin  of  these 
different  elements,  for  I  am  convinced  that  the  true  morphological 
mciining  of  the  segmental  arrangement  of  nerves  whether  spinal  or 
cranial  is  bound  up  with  the  arrangement  of  the  groups  of  nerve  cells 
in  the  central  nervous  system,  rather  than  with  the  exits  of  the  different 
nerves  from  the  central  nervous  system.     It  is  therefore  advissible  to 

*  This  Journal,  VoL  vii.  p.  1. 
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commence  the  study  of  the  cranial  nerves  with  a  sketch  of  the  way  in 
which  I  consider  a  typical  spinal  nerve  to  be  built  up. 

The  conclusions  to  which  I  came  in  my  former  paper  were,  that  in 
addition  to  the  well-known  division  into  afferent  and  efferent  groups  of 
fibres,  two  other  divisions  existed  in  the  nervous  system ;  the  one,  a 
division  of  nerve  fibres  and  their  centres  of  origin  into  somatic  and 
sphuiclinic  groups;  and  the  other,  a  division  into  anabolic  and  katalxilic 
groups.  The  most  essential  division  of  the  nervous  system  is  that 
expressed  by  the  terms  splanchnic  and  somatic,  for  it  embraces  the  minor 
divisions  of  afferent  and  efferent  and  of  anabolic  and  katabolic.  The 
characteristics  of  this  division  are  to  be  found  equally  well  in  the  cranial 
as  in  the  spinal  nerves.  The  division  is  a  natural  one  which  includes 
not  only  the  nervous  system  but  tlie  whole  organism,  for  by  somatic 
nerves  are  meant  those  nerves  which  supply  structures  derived  from  the 
epibladt  and  from  that  part  of  the  mesoblast  which  forms  the  meso- 
blastic  somites,  and  by  splanchnic  nerves  those  which  supply  structures 
derived  from  the  hypoblast  and  the  rest  of  the  mesoblast;  in  accordance 
with  this  phraseology  we  find  in  the  body  two  separate  segmentations, 
the  one  "  somatic"  (called  by  Ah  Iborn  Mesomcric),  which  corresponds  to 
the  "dorsal  segmentation"  of  v.  Wijhe  and  Gegcnbauer,  and  is 
characterised  by  the  formation  of  somites,  and  the  other  "splanchnic" 
(called  by  Ahlborn  Branchiomerie),  the  "ventral  segmentation"  of 
V.  Wijhe  and  Gegenbauer,  more  local  in  situation  characterized  by 
the  formation  of  gill  clefts. 

In  my  former  paper  I  have  pointed  out  how  the  splanchnic  nerves 
are  divisible  from  the  somatic  in  so  far  as  the  structure  and  origin  of 
their  efferent  fibres  are  concerned;  the  scpamtion  of  the  afferent 
somatic  and  splanchnic  nerves  is  a  more  difficult  matter  and  one  which 
will  require  a  large  amount  of  time  for  its  successful  accomplishment 
Leaving  the  afferent  fibres  for  future  consideration,  we  see  that  the 
fibres  of  an  efferent  root  are  divisible  into  a  ganglionated  and  a  non- 
ganglionatcd  group  of  which  the  former  belongs  to  the  splanchnic 
system,  while  the  latter  is  partly  splanchnic  and  partly  somatic. 

The  somatic  efferent  nerves,  which  contain  the  large  medullated 
motor  fibres  of  those  striated  muscles  which  arise  from  the  muscle 
plates,  spring  from  groups  of  nerve  cells  (A  in  Fig.  1)  situated  in  the 
anterior  horn;  the  characteristic  appearance  of  these  nerve  cells  is 
shown  in  the  Figure  on  p.  352  of  Schwalbe's  Keurologie,  where  also 
it  is  asserted  that  they  vary  in  size  from  67 — 135  /i. 

The  splanchnic  efferent  nerves  on  the  other  hand  are  in  all  proba- 
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bility  connected  with  the  cells  of  Clarke's  column  (C  in  Fig.  1),  the 
cells  of  the  lateral  horn  (B  and  E  in  Fig.  1),  and  with  the  solitary  cells 
of  the  base  of  the  posterior  horn  (D  in  Fig.  1). 


Fio.  1.    Section  of  the  spinal  oord  in  the  thoracio  region. 
(Slightly  motlifietl  from  Scliwalbf.) 


The  characteristic  appcamnco  of  tlic  colls  of  Clarke's  column  is 
well  shown  in  the  Figure  on  p.  58  of  Henle's  Nervenlehre  des  Mensdien 
(2nd  Edition).  They  measure  from  45 — 90  /t,  according  to  Stilling 
and  Schwalbe. 

The  cells  of  the  lateral  horn  in  the  thoracic  region,  i.  e.  the  cells  of 
the  intcnncdio-latcral  tract  (E  in  Fig.  1),  are  described  by  Schwalbe 
(p.  349)  as  consistiug  of  groups  of  spindle-shaped  multipolar  cells  which 
arc  smaller  than  those  of  the  anterior  horn  and  are  arranged  for  the 
most  part  with  their  long  axis  in  the  direction  of  the  lateral  .horn. 

The  solitary  cells  of  the  base  of  the  posterior  horn  are  figured  in 
Schwalbe  (p.  350)  as  elongated  spindle-shaped  multipolar  cells  of  a 
size  much  smaller  than  those  of  the  anterior  horn,  possessing  a  marked 
axis  cylinder  process  the  direction  of  which  is  nearly  at  right  angles  to 
the  long  axis  of  the  cell. 

We  see  then  that  these  different  groups  of  nerve  cells  present 
marked  characteristics  and  (see  Fig.  1)  are  arranged  in  a  definite 
manner  in  the  spinal  cord ;  those  groups  of  nerve  cells  which  in  this 
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paper  afe  supposed  to  give  origin  to  the  splanchnic  efferent  nerves 
being jcollected  together  around  the  central  canal,  while  the  centres  for 
the  somatic  efferent  nerves  are  situated  in  the  outlying  anterior  horns 
of  grey  matter. 

Further,  in  order  to  understand  the  origin  of  the  cranial  nerves  it  is 
advisable  to  consider  somewhat  more  closely  the  meaning  of  the  different 
groups  of  nerve  cells  situated  in  what  I  may  now  call  the  splanchnic 
region  of  the  grey  matter,  and  as  unfortunately  these  different  groups  of 
cells  have  not  been  traced  directly  into  nerve  fibres  of  definite  function 
the  only  evidence  for  their  function  must  of  necessity  be  indirect  and 
consequently  somewhat  speculative.  I  do  not  therefore  look  upon  the 
following  remarks  as  anything  more  than  suggestions  which  may  help 
to  the  elucidation  of  the  difficult  problem  before  us. 

We  have  to  consider  the  nerve  cells  of  three  different  groups,  viz.: 

1.  Cells  of  Clarke's  column. 

2.  Cells  of  lateral  horn. 

3.  Solitary  cells  of  base  of  posterior  horn. 

In  my  previous  paper  I  pointed  out  (1)  that  the  cells  of  Clarke's 
column  were  associated  with  the  presence  in  the  anterior  roots  of 
bundles  of  very  fine  medullated  fibres  forming  the  splanchnic  ganglion- 
ated  efferent  nerves ;  (2)  that  the  solitary  cells  of  the  base  of  the  posterior 
horn  increased  in  number  to  form  part  of  the  vagus  nucleus,  and  (3)  that 
the  cells  of  the  lateral  horn  belpnged  to  the  same  group  as  those  of  the 
nucleus  of  the  facial  &c.,  and  formed  the  motor  nerve  colls  of  those 
splanchnic  non-ganglionated  nerves  which  supplied  the  voluntary  muscles 
derived  from  the  lateral  plates  of  mcsoblast, — muscles  which  corros|N>nd 
closely  with  A.  Schneider's  group  of  "  visceral  muscles." 

Cells  of  Clarke's  column. 

We  can  I  think  go  further  than  this  by  means  of  the  process  of 
elimination.  Thus,  the  cells  of  Clarke's  column  are  found  in  the 
cranial,  thoracic,  and  sacral  splanchnic  regions;  consequently  they  do 
not  give  origin  to  the  vasoconstrictor  nerves, — i.e.  the  katabolic  nerves 
of  the  muscles  of  the  blood  vessels, — which  arise  only  in  the  thoracic 
region,  and  with  the  vasoconstrictor  nerves  the  katabolic  glandular 
nerves  are  in  all  cases  closely  associated,  so  that  these  two  categories 
of  nerves  may  be  eliminated  from  the  consideration  of  Clarke's  column. 
Further,  Clarke's  column  is  most  developed  from  the  9th  dorsal  to 
the  3rd  Mmbar  nerves,  therefore  it  is  associated  with  the  abdominal 
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splanclmics  rather  than  with  the  cervical  spkmchnics.  '  Moreover,  if  we 
remove  from  the  abdomiual  splanchiiics  the  katabolic  ucrves  of  the 
glands  and  blood  vessels,  we  have  left  all  the  anabolic  nerves  and  the 
katabolic  nerves  of  the  musclt;S  of  the  alimentary  tract.  We  know 
however  that  the  vagus  nerve  is  the  great  provider  of  these  latter 
nerves,  Le.  the  viscero  motor  nerves,  and  that  it  is  not  easy  to  prove 
that  the  abdominal  splanchnics  contain  any  nerves  which  cause  con- 
traction of  the  muscles  of  the  alimentary  canal ;  we  know  on  the  other 
hand  that  the  grciat  function  of  these  splanchnic  nerves  is  to  inhibit 
the  movements  of  the  alimentary  tract  The  natural  conclusion  is  that 
the  cells  of  Clarke's  column  are  associated  with  anabolic  rather  than 
katabolic  nerves  and  that  they  give  origin  to  the  inhibitory  or  anabolic 
nerves  of  the  muscles  of  the  alimentary  canal,  and  perhaps  also  to  the 
corresponding  nerves  of  the  vascular  and  glandular  systems.  This  con* 
ception  is  in  harmony  with  their  presence  in  the  sacral  region  in  con- 
nection with  the  n.7k  erigentes,  and  at  the  upper  part  of  the  cervical 
region  where  the  inhibitory  cardiac  nerves  are  given  off.  Again,  the 
observations  of  Mott  show  that  the  cells  of  Clarke's  column  are  not 
all  alike,  but  are  divisible  into  two  groups,  of  different  sized  cells,  which 
suggests,  that  the  nerve  fibres  arising  from  these  two  groups  of  nerve 
cells  supply  more  than  one  special  structure. 

Solitary  cells  of  base  of  posterior  horn. 

We  come  next  to  the  solitary  cells  of  the  base  of  the  posterior  horn 
which  I  was  inclined  in  my  former  paper  on  the  strength  of  Sch  walbe's 
suggestion  to  classify  as  splanchnic  sensory  nerve  cella  The  evidence 
for  their  connection  with  sensory  nerves  as  given  by  Schwalbe  (p.  353) 
is  not  strong,  being  bsised  mainly  on  the  ol>servation  of  Freud  that  the 
IMKstcrior  cells  (liiutei-zcllcn)  of  Petromyzon  which  he  considers  to  be 
homologous  with  these  solitary  cells,  send  their  axis  cylinder  processes 
into  the  posterior  roots.  Against  this  observation  is  to  be  reckoned  in 
the  first  place  that  no  posterior  root  fibres  in  the  higher  vertebrata  are 
known  to  arise  as  axis  cylinder  processes  of  ganglion  cells  in  the  central 
grey  matter;  secondly,  as  Schwalbe  points  out,  the  observations  of 
Gerlach  show  that  the  axis  cylinder  processes  of  these  solitary  cells 
pass  direct  into  the  anterior  horn  and  so  form  anterior  root  fibres  and 
not  as  Deiters  thought  fibres  of  the  posterior  roots.  Finally  the  obser- 
vations of  Freud  are  not  necessarily  contrary  to  the  motor  character  of 
these  cells  even  if  they  are  homologous  with  the  Hinterzellen  of  Petro- 
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jnyzbn,  for  the  observations  of  Ransom*  and  D'Arcy  Thompson  show 
that  the  posterior  root  of  the  Petromyzon  contains  the  small  fibres  with 
their  ganglia  which  correspond  to  the  so-called  sympathetic  system  in 
other  vertebrata,  in  other  words  contains  ganglionated  splanchnic  nerves 
closely  corresponding  to  those  which  are  in  the  higher  vertebrata 
essentially  eflferent  in  character.  Freud's  observation  therefore  har- 
monises with  the  motor  character  of  these  ganglion  cells  on  the  pos- 
sible assumption  that  in  Petromyzon  the  nerve  roots  are  arranged  not 
as  afferent  and  efferent  but  as  ganglionated  and  non-ganglionated ;  the 
ganglionated  containing  both  afferent  and  efferent  ganglia^ 

Again,  if  the  observations  of  His'  are  confirmed,  it  is  very  significant 
that  .the  jugular  ganglion  should  in  the  embryo  be  connected  only  with 
the  nerve  fibres  forming  the  ascending  root  of  the  vagus  or  fasciculus 
solitarius,  while  the  fibres  arising  from  the  cells  of  the  vagus  nucleus 
pass  not  into  this  ganglion  but  into  the  ganglion  trunci  vagi  and  so  to 
the  vagus  nerve  trunk.  In  accordance  with  my  previous  observations 
this  means  that  the  afferent  vagus  fibres  all  arise  from  the  ascending 
root  of  the  vagus,  just  as  all  the  afferent  fibres  of  the  trigeminal  arise 
from  the  ascending  root  of  the  trigeminal ;  that  therefore  the  cells  of  the 
vagus  nucleus  give  origin  to  efferent  and  not  to  afferent  nerves. 

A  similar  conclusion  has  been  arrived  at  by  Osborn'  in  a  recent 
paper  on  the  internal  structure  of  the  Amphibian  brain  in  which  he 
gives  reasons  for  considering  the  nucleus  of  the  vagus  in  the  floor  of 
the  4th  ventricle  as  motor ;  the  sensory  fibres  of  the  vagus  and 
glosisopharyngeal  arising  from  the  fasciculus  solitarius,  fasciculus  com- 
munis and  the  large  sensory  nucleus  in  the  dorsal  folds  of  the  medulla 
oblongata.  Moreover  the  functions  of  the  vagus  nerve  point  clearly  to 
the  conclusion  that  this  nerve  is  very  largely  if  not  mainly  an  efferent 
nerve  rather  than  an  afferent  and  that  therefore  in  its  centre  of  origin, 
including  in  this  centre  that  of  the  medullary  fibres  of  the  spinal  ac- 
cessory, motor  nerve  colls  must  exist  in  sufficient  quantity  to  give  origin 
not  only  to  the  motor  nerves  of  tho  striateil  muscles  of  tlio  larynx, 
pharynx  and  oesophagus,  but  also  to  the  motor  nerves  of  the  unstriated 
muscles  of  the  alimentary  tract. 

Now  a  comparison  of  the  function  of  the  vagus  with  that  of 
the  abdominal  splanchnics  shows  that  a  great  split  has  taken  place  in 
the  centres  of  origin  of  the  katabolic  and  anabolic  nerves  of  the  same 

'  Zoolog,  Anzeig,  No.  227,  1886. 

■  Archiv.f.  Anat.  t*.  VhytioU  Anat.  Abtheil  1887,  p.  868. 

'  Joum,  of  Morphol.^  Vol.  ii.  p.  61. 
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muscular  tissue  of  the  alimentary  canal ;  in  the  vagus  we  find  the  great 
mass  of  motor  fibres,  in  the  splanchuics  the  great  mass  of  inhibitory 
fibres.  If  therefore  a  diflTerence  exists  in  the  nerve  cells  which  give 
origin  to  the  motor  and  inhibitory  fibres  of  these  muscles,  that  di(rercncc 
ought  to  manifest  itself  in  these  two  regions  and  we  ought  to  find 
that  the  solitary  cells  of  the  base  of  the  posterior  horn  increase  largely 
when  the  vagus  nucleus  is  reached,  just  as  the  cells  of  Clarke's  column 
increase  at  the  origin  of  the  alKlominal  splanchnic  nerves. 

Judging  from  the  description  given  by  Schwalbc'  and  from  what 
I  myself  have  observed  in  the  case  of  the  spinal  cord  of  the  pigeon,  there 
can  be  no  doubt  but  that  the  formation  of  the  vagus  nucleus  is  associated 
with  a  large  increase  of  cells  at  the  base  of  the  posterior  horn.  The 
point  however  which  requires  further  investigation  is  the  respective 
shares  taken  in  that  increase  by  the  cells  of  Clarke's  column  and  the 
solitary  cells  of  the  base  of  the  posterior  horn.  As  far  as  I  know  no 
such  investigation  has  been  as  yet  published,  so  that  at  present  we  are 
hardly  justified  in  concluding  that  the  split  which  has  taken  place  in  the 
nerves  of  opposite  function  which  govern  the  muscles  of  the  alimentary 
tract  has  its  counterpart  in  the  central  nervous  system  in  the  shape  of  a 
corresponding  separation  of  the  centres  of  those  nerves,  i.e.  of  the  cell 
groups  of  Clarke's  column  and  the  solitary  cells  of  Schwalbe  re- 
8|H'ctively.  At  present  all  we  tan  SJiy  Ls  that  Utking  these  two  sets  of 
cells  together  we  may  look  for  the  origin  of  both  motor  and  inhibitory 
nerves  of  the  alimeuUiry  tract  in  them,  and  that  it  is  possible  that 
further  investigation  will  prove  the  truth  of  the  suggestion  here  made, 
viz.  that  the  solitary  cells  of  the  base  of  the-  posterior  horn  give  origin 
to  the  motor  fibres  of  the  muscles  of  the  alimentary  canal  while  some 
of  those  of  Clarke's  column  are  the  centres  of  the  inhibitory  fibres  of 
the  same  muscles 

Cells  of  lateral  horn. 

In  my  former  paper  I  spoke  somewhat  vaguely  as  to  the  meaning 
of  these  cells,  because  I  did  not  sufficiently  realize  that  the  term  lateral 
horn  does  not  mean  quite  the  same  thing  in  different  parts  of  the  cord. 
Thus  the  lateral  horn  of  the  cervical  region  is  not  necessarily  the  same 
as  that  of  the  thoracic  region  either  in  structure,  position  or  function.  In 
the  thoracic  region  the  lateral  hoiii  or  intermedio-latcral  tract  is  in 
the  case  of  the  dog  situated  somewhat  on  the  dorsal  side  of  the  middle 
line  of  the  cord  and  is  well  pronounced  ;  in  the  cervical  region  any 

»  Op,  cii.     See  X  in  Fig.  362,  p.  609. 
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projection  that  may  be  defined  as  a  lateral  horn  is  on  the  ventral  side  of 
the  middle  line  in  close  proximity  to  tlie  cells  of  the  anterior  horn. 

This  intermedio-lateral  tract  is  according  to  Schwalbe  most  dis- 
tinct in  the  upper  part  of  the  thoracic  region,  disappears  gradually  at 
the  lower  limit  of  the  thoracic  region  and  is  absorbed  into  the  cervical 
swelling,  reappearing  again  as  a  distinct  part  of  the  anterior  liom  in  the 
upper  cervical  region. 

It  is  therefore  conspicuous  only  in  the  thoracic  region  and  contains 
there  a  well-marked  group  of  nerve  cells  (E  in  Fig.  1)  which  as  seen 
in  the  figure  are  in  close  connection  with  the  solitary  cells  of  the  base 
of  the  posterior  horn  and  the  cells  of  Clarke's  column.  This  group 
of  cells  is  situated  on  the  dorsal  side  of  the  intermedio-lateral  tract.  In 
addition  to  these  cells  some  of  the  sections  of  the  thoracic  cord  in  man 
show  on  the  ventral  side  of  the  tract  (B  in  Fig.  1)  the  occurrence  of 
other  cells  which  are  markedly  larger,  resembling  much  more  the  cells 
of  the  anterior  horn,  and  which  are  very  few  in  the  thoracic  region  in 
comparison  with  the  large  number  of  the  smaller  cells  alreaily  described. 
These  large  colls  on  the  ventral  side  of  the  intcrmedio-Iatcral  tract 
appear  to  me  to  form  a  conueotiiig  link  between  the  somalic  aroii  of  the 
anterior  horn  and  the  splanchnic  area  around  the  central  canal. 

It  is  this  part  of  the  lateral  horn  group  of  cells  which  forms,  as  I 
believe,  the  whole  or  greater  part  of  the  lateral  group  of  cells  in  the 
cervical  region ;  it  is  this  group  therefore  which  in  all  probability  gives 
origin  to  the  phrenic  nerves,  to  some  if  not  all  of  the  large  motor  fibres 
of  the  spinal  accessory ;  it  is  the  continuation  of  this  group  which  forms 
the  nucleus  avdnguus  or  so-called  motor  nucleus  of  the  vagus  and  glosso- 
pharyngeal, which  forms  the  nucleus  of  the  facial  and  the  motor  nucleus 
of  the  trigeminal 

In  this  group  of  nerve  cells  we  have  in  my  opinion  the  origin  of  the 
motor  nerve  fibres  belonging  to  the  non-ganglionated  group  of  splanch- 
nic nerves — motor  nerves  which  supply  voluntary  muscles  derived  not 
from  the  muscle  plates  but  from  the  lateral  plates  of  mcsoblast — structures 
which  segmented  in  the  region  of  the  head  give  rise  to  the  voluntary 
muscles  of  the  jaws  and  the  gills  but  unsegmented  in  the  trunk  give  rise 
to  the  diaphragm  and  transversus  abdominis  muscles. 

What  then  is  the  function  of  the  F.mallcr  cells  which  form  the 
main  portion  of  the  intermedio-ljxteral  tract  in  the  thoracic  region  ? 
Although  we  have  no  direct  evidence  to  go  upon  I  venture  to  suggest 
that  these  nerve  cells  give  origin  to  the  katabolic  or  motor  nerves  of  the 
vascular  and  glandular  systems,  for  in  contradistinction  to  the  cells  of 
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Clark o's  column  they  are  most  numerous  in  the  upper  piirt  of  the 
thoracic  region  and  arc  therefore  concerned  in  the  formation  of  the 
cervical  spkinchnic  nerves  as  well  as  of  the  abdominal  splancliuics; 
they  coiTes|x>nd  in  fact  closely  to  the  distribution  of  the  motor  nerves 
of  the  heart  and  blood  vessels  as  given  by  me  in  my  former 
paper.  Again  it  is  a  significant  fact  that  in  the  medulla  oblon- 
gata a  group  of  nerve  cells  exists  known  by  the  name  of  the  antero- 
lateral nucleus,  which  is  an  isolated  clump  of  nerve  cells  apparently 
belonging  to  the  Lateral  horn,  separate  from  the  motor  nuclei  of  the 
IXtb,  Xth  and  Xlth  nerves ;  as  far  as  is  known  this  group  of  nerve  cells 
does  not  give  origin  to  any  outgoing  nerve  fibres  of  that  region;  the  only 
function  which  has  been  suggested  for  it  is  based  upon  the  experiments 
of  Owsjannikow  and  Dittmar  in  Ludwig's  laboratory,  by  means  of 
which  it  was  shown  that  the  vasomotor  centre  in  the  medulla  oblongata 
was  confined  to  the  position  of  this  an  tore- lateral  nucleus.  The  ex])eri- 
ments  also  of  Miescher  in  the  same  laboratory  render  it  highly  probable 
that  the  nerve  fibres  which  spring  from  this  group  of  nerve  cells  pass 
along  the  cervical  region  of  the  cord  in  the  lateral  columns  in  order  to 
be  distributed  in  the  thoracic  outflow  of  visceral  nerves  to  the  blood 
vessels  which  they  supply.  I  am  inclined  to  look  on  this  antero-lateral 
nucleus  as  serially  homologous  with  the  smaller  cells  of  the  intermedio- 
latt^ral  tract  in  the  thonicit*,  region  and  to  consider  this  chain  of  nerve 
nuclei  as  giving  origin  to  the  motor  or  katabolic  nerves  of  the  vascular 
KysU^n. 

I  have  ventured  to  put  towards  these  suggestions  of  the  meaning  of 
these  different  groups  of  nerve  cells  in  the  hope  that  they  may  prove  of 
assistance  to  others  who  are  endeavouring  to  bring  into  harmony  the 
relations  between  the  structure  and  functions  of  the  spinal  cord.  The 
arguments  which  I  have  used  are  I  think,  as  far  as  they  go,  good ;  but  I 
am  ready  to  confess  that  they  do  not  go  very  far.  For  the  purposes  of 
this  paper  it  is  a  matter  of  no  great  importance  whether  the  division  of 
function  of  these  four  groups  of  cells — viz.  those  of  Clarke's  column, 
the  solitary  cells  of  the  base  of  the  posterior  horn,  and  the  two  groups 
of  the  lateral  horn — corresponds  to  the  suggestions  above  enunciated ; 
the  important  ])oint  is  that  these  four  groups  of  cells  tiiken  together 
give  origin  to  the  splanchnic  efferent  fibres,  both  ganglionatcd  and 
non-ganglionate<l,  that  therefore  the  centres  of  the  efferent  nerves  both 
somatic  and  splanchnic  fall  into  two  separate  groups,  of  which  the  latter 
is  situated  in  the  neighbourhood  of  the  central  canal  while  the  former 
is  confined  to  the  outlying  anterior  horn.    If  then  the  cranial  nerves  are 
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comparable  to  tbe  spinal,  we  must  find  in  the  cranial  region  groups 
of  nerve  cells  serially  homologous  with  these  splanchnic  and  somatic 
offereut  spinal  centres. 

Definition  of  a  complete  segmental  nerve. 

Turning  our  attention  now  to  the  arntngcnient  of  the  fibres  com- 
posing a  complete  segmental  spinal  nerve,  the  results  arrived  at  in  my 
previous  paper  show  that  we  must  look  upon  both  afferent  and  efferent 
roots  as  ganglionated,  for  the  whole  argument  in  my  former  paper  as 
to  the  meaning  of  the  sympathetic  system  was  to  prove  that  the 
sympathetic  ganglia  are  the  ganglia  belonging  mainly  to  the  fine 
^medullated  fibres  of  the  anterior  roots,  so  that  we  must  look  upon  a 
spinal  nerve  as  possessing  efferent  or  motor  ganglia  as  well  as  afferent 
or  sensory  ganglia.  These  efferent  ganglia  have  according  to  the 
observations  of  Onodi  travelled  away  from  the  original  ganglionic  mass 
situated  on  tlio  roots  of  the  spinal  nerve,  so  that  wo  may  term  these 
motor  ganglia  "vagrant"  in  contradistinction  to  the  "stationary" 
sensory  ganglia  on  the  posterior  root;  it  follows  then  that  a  spinal 
nci've  must  be  defined  as  formed  by 

1.  A  posterior  root  composed  of  afferent  fibres,  both  somatic  and 
splanchnic,  the  ganglion  of  which  root  is  stationary  in  position  and 
is  always  situated  near  the  entrance  of  the  fibres  into  the  central 
nervous  system. 

2,  An  anterior  root  composed  of  (1)  efferent  non-ganglionated 
splanchnic  and  somatic  fibres,  and  (2)  efferent  ganglionated  splanchnic 
fibres  characterised  by  the  fineness  of  their  calibre,  the  ganglion  of 
which  is  vagrant  and  has  travelled  to  a  variable  distance  from  tbe 
central  nervous  system. 

Also  it  must  be  remembered  that  the  anterior  root  fibres  need  not 
necessarily  leave  on  one  side  the  ganglion  of  the  posterior  root,  for  as 
pointed  out  previously  both  anterior  and  posterior  roots  pass  into  the 
spinal  ganglion  in  the  case  of  all  the  thoracic  nerves  of  such  an  animal 
as  the  tortoise  and  also  of  the  first  two  cervical  nerves  of  the  dog. 

The  essential  characteristics  therefore  of  a  segmental  spinal  nerve 
are  as  follows : 

1.  Afferent  nerve  fibres,  splanchnic  and  somatic,  both  in  connection 
with  a  ganglion  situated  near  the  exit  of  the  nerve  from  the  central 
nervous  system. 

2.  Efferent   fibres  which   may  either  pass  through   the   afferent 
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ganglion  or  may  pass  on  one  side  of  it  and  which  are  divisible  into  large 
fibred  and  small  fibred  groups,  the  latter  of  which  is  connected  with  a 
vagrant  ganglion. 

3.  The  efferent  fibres,  both  somatic  and  splanchnic,  may  be  traced  to 
certain  definite  groups  of  nerve  cells  in  the  spinal  cord ;  but  no  such 
groups  are  known  in  connection  with  the  afferent  fibres. 

The  cranial  segmental  nerves. 

Having  thus  defined  the  nature  of  a  fully  formed  spinal  segmental 
nerve,  we  are  able  now  to  discuss  more  fully  than  in  my  previous  paper 
the  nature  of  the  cranial  nerves  and  see  whether  or  no  they  conform  in 
structure,  origin,  and  function  to  the  above  definition  of  a'  complete 
scgincnt-al  nerve.  I  propose  to  consider  the  cranial  nerves  seriatim,  and 
seeing  that  the  optic  and  olfactory  nerves  clearly  do  not  conform  to  the 
above  typo  I  will  commence  with  the  consideration  conjointly  of  the 
oculomotor  and  trochlear  nerves'. 


Nerves  of  mid-brain,  Ilird  and  IVth  craniai  nerves. 

The  functions  of  the  oculomotor  nerve  are  well  defined,  it  supplies  a 
numl>er  of  somatic  muscles  of  the  eye  with  motor  fibres  and  it  is  also 
the  motor  nerve  for  the  sphincter  muscle  of  the  iris  and  for  the  ciliary 
muscle;  it  is  therefore  purely  an  efferent  nerve  in  existing  animals, 
whatever  it  may  have  been  originally. 

It  arises  from  a  large  number  of  rootlets  which  unite  to  form  a 
single  nerve  trunk  within  the  cranium ;  section  of  the  nerve  here  shows 
that  it  Ls  composed  of  both  large  and  fine  medullated  fibres;  the  large 
lihres  varying  in  size  from  14*4 — IS  /i  while  groups  of  lino  (ibres  varying 
in  size  fi*om  about  3 — 5  fi  are  to  be  found  strongly  resembling  the  groups 
found  in  the  anterior  roots  of  the  thoracic  nerves ;  in  fact  the  structure 
of  the  nerve  strongly  resembles  a  typical  anterior  root.  By  means  of  a 
series  of  sections  it  is  easy  to  see  how  the  large  fibres  pass  off  to  supply 
the  oyc  muscles  belonging  to  this  nerve  and  how  jus  we  approach  the 
oculomotor  ganglion  the  small  fibres  separate  out  from  the  fibres 
forming  the  nerve  supplying  the  internal  rectus  muscle  and  pass  off  as 
a  separate  group,  forming  the  radix  brevis,  into  the  oculomotor  ganglion. 

^  In  order  to  compare  these  observations  with  those  of  my  former  paper,  all  measure- 
ments of  size  of  fibres  are  taken  from  the  dog  unless  expressly  stated  otherwise. 
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Here  they  enter  into  a  large  number  of  ganglion  cells  resembling  those 
of  a  spinal  ganglion  and  issue  forth  to  form  the  short  ciliary  nerves, 
i.e.  the  motor  nerves  of  the  sphincter  and  ciliary  muscles. 

Fig.  1,  PL  XVI,  is  a  small  portion  of  one  of  a  series  of  sections 
taken  through  an  osmic  preparation  of  the  Ilird  nerve  of  the  dog.  The 
sections  were  cut  from  the  roots  of  the  nerve  towards  the  periphery  and 
the  section  of  which  Fig.  1  represents  a  part  was  through  the  nerve  just 
before  the  oculomotor  ganglion  was  reached.  Great  numbers  of  the 
smallest  fibres  are  seen  coming  to  the  periphery  of  the  nerve,  prepara- 
tory to  entering  into  the  oculomotor  ganglion.  Soon  after  this  section 
the  cells  of  the  oculomotor  ganglion  begin  to  appear  and  Fig.  2,  PI.  XVI, 
represents  a  portion  of  one  of  the  sections  through  the  middle  of  the 
ganglion ;  all  the  fibres  in  among  the  ganglion  cells  are  of  the  smallest 
size  to  be  found  in  the  Ilird  nerve.  The  continuation  of  the  series  of 
sections  shows  the  formation  of  the  short  ciliary  nerves  from  the 
ganglion,  and  as  is  seen  in  Fig.  3,  PI.  XVI,  the  fibres  of  which  these 
nerves  are  composed  are  all  very  small  and  very  uniform  in  size. 

In  this  way  by  far  the  largest  portion  of  the  ganglion  is  formed ;  in 
addition  however  to  the  mass  of  fibres  coming  fn)m  the  Ilird  nerve, 
one  or  two  fine  nerves  are  found  entering  into  the  ganglion  which  come 
apparently  from  the  naso-ciliary  branch  of  the  Vth  and  from  the  so- 
called  sympathetic  system.  These  small  nerves  considered  as  a  whole 
are  made  up  of  very  fine  meduUated  fibres,  of  non-meduUated  fibres  and 
of  larger  medullated  fibres;  all  their  large  fibres  pass  away  into  the 
muscular  branches  of  the  oculomotor  nerve  and  do  not  enter  the 
ganglion,  while  the  rest  of  the  fibres  pa.ss  into  the  ganglion  and  lose 
themselves  in  a  small  group  of  cells  which  appear  to  nie  to  resemble  jii 
form  and  appearance  those  of  the  sympathetic  system  rather  than 
spinal  ganglion  cells. 

Neither  part  of  this  ganglion  then  is  connected  with  any  large 
fibred  sensory  nerves  from  the  Vth,  it  is  connected  only  with  very 
fine  efferent  nerve  fibres  which  come  mainly  from  the  IHrtl  nerve; 
it  is  in  fact  as  typical  a  motor  vagrant  ganglion  as  any  in 
connection  with  the  spinal  nerves.  We  see  then  that  Schwalbe 
is  right  in  looking  upon  this  ganglion  as  essentially  belonging  to  the 
Ilird  nerve;  that  van  Wijhe  would  have  been  right  in  considering 
it  as  wholly  sympathetic  if  he  had  only  known  the  true  meaning  of  a 
sympathetic  ganglion.  Those  observers  are  wrong  who  have  en- 
deavoured to  force  the  Ilird  nerve  into  the  i)osition  of  a  segmentiU 
nerve  by  making  this  ganglion  into  a  posterior  root  ganglion.    This 
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coofusion  lias  doubtless  arisen  as  Qegenbauer^  has  pointed  out  by 
mixing  up  that  part  of  the  Gasscnan  ganglion,  Avhich  forms  the 
ganglion  of  the  ram.  ojMJuihn.  pi'ofandus,  with  the  oculomotor  ganglion. 
In  a  recent  paper  by  Beard'  the  distinction  between  the  ganglion 
belonging  to  the  Vth  fineso-cephalic  ganglion,  Beard)  and  the  true 
oculomotor  ganglion  has  been  pointed  out. 

It  may  be  argued  that  the  structure  of  the  nerve  cells  points  to  a 
close  relationship  of  the  main  portion  of  this  ganglion  with  a  spinal 
ganglion;  this  by  no  means  necessarily  follows,  for  the  diffeience 
betwocu  a  spinal  ganglion  cell  and  a  so-called  sympathetic  ganglion  cell 
depends  probably  upon  the  structure  and  number  of  the  nerve  fibres 
which  enter  and  pass  from  it  rather  than  upon  their  function ;  thus  in 
the  spinal  ganglion  the  unipolar  and  bipolar  cell  is  found  associated 
with  fibres  which  are  medullated  in  both  directions  while  the  multipolar 
cell  belonging  to  the  efferent  nerves  of  the  vascular  and  glandular 
systems,  i.e.  the  so-called  sympathetic  nerve  cell,  is  according  to  the 
arguments  given  by  me  in  my  previous  paper  associated  with  a  medul- 
lated fibre  only  in  one  direction,  the  other  processes  giving  rise  to  a 
number  of  non-meduUated  fibres.  The  reason  then  why  the  nerve  cells 
with  which  the  fine  fibred  motor  nerves  of  the  sphincter  and  ciliary 
muscles  are  connected  are  of  the  spinal  type  is  because  the  fibres  do  not 
losc^  their  modullary  sheath  in  their  passage  througli  the  ganglion  ;  as 
is  scon  in  Fig.  »*i,  IM.  XVI,  the  short  ciliary  nerves  are  medullated  jis 
much  as  tlie  small  fibres  in  the  roots  of  the  oculomotor  nerve  which 
give  origin  to  them. 

This  then  is  in  my  opinion  the  reason  why  the  cells  of  this  vagrant 
efilerent  ganglion  resemble  the  cells  of  a  spinal  ganglion,  and  it  is  a 
matter  of  great  interest  to  inquire  why  some  motor  nerve  fibres  lose 
their  medullary  sheath  in  their  passage  through  an  eiferent  ganglion 
while  others  do  not ;  it  would  lead  too  far  away  from  the  main  purpose 
of  this  paper  if  I  were  to  enter  into  this  subject  here,  so  I  will  simply 
suggest  that  the  peculiarity  of  the  sphincter  and  ciliary  muscles  consists 
in  this : — that  their  action  is  to  a  certain  extent  voluntary  and  that  in 
certain  animals,  e.g.  birds,  they  are  composed  of  striated  muscle  fibres ; 
I  lit>pe  however  in  a  separate)  paper  to  treat  especially  of  the  relation 
which  subsists  between  the  structure  and  function  of  different  muscles 
and  their  nerve  supply. 

^  MorphoL  Jahrhwht  1887,  p.  1. 
'  Anatom.  Aiuieger,  1887,  p.  6C5. 
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Up  to  this  point  we  can  say  that  the  oculomotor  nerve  conforms  to 
the  type  of  a  spinal  segmental  nerve  in  that  its  eflferent  fibres  are  com- 
posed of  a  large  fibred  and  a  small  fibred  group  of  which  the  latter  is  in 
connection  with  a  vagrant  efferent  ganglion. 

Turning  our  attention  now  to  the  IVth  nerve  we  see  that  ita 
structure  is  very  similar  to  that  of  the  Ilird ;  here  also  the  nerve  is- 
efferent  in  function  and  is  divisible  into  a  large  fibred  and  small  fibred 
part,  the  large  fibres  supply  the  sup.  obliq.  muscle  and  vary  in  size 
from  14'4 — 18  /a.  The  small  fibres  which  are  more  or  less  grouped 
together  in  the  roots  of  the  nerve  vary  in  size  from  3*6 — 5 '4  /i,  but  as  yet 
their  destination  is  unknown ;  what  structures  they  supply  or  whether 
they  are  in  connection  with  any  definite  group  of  ofTcrcnt  ganglion  cells 
requires  a  more  special  investigation  of  the  nerve  than  I  have  aa  yot 
been  able  to  give.  We  can  however  say  this  much  that  the  IVth 
nerve  so  closely  resembles  in  its  structure  the  Ilird  as  to  allow  the 
assertion  that  it  too  conforms  to  the  type  of  the  efferent  portion  of  a 
segmental  spinal  nerve. 

Where  then  are  the  afferent  fibres  of  these  two  nerves?  In  tho 
various  schemes  put  forwanl  by  morphologists  to  explain  the  peculi- 
arities of  the  cranial  nerves  some  portion  of  the  Vth  nerve  has 
generally  been  dislocated  from  the  rest  and  forced  to  do  duty  as  the 
afferent  root  of  the  Ilird  and  IVth  cranial  nerves;  attempts  have  been 
made  for  instance  to  look  upon  the  ram,  ophthalmic,  proJuncL  as  a 
separate  nerve  which  is  the  separated  off  posterior  root  of  the  Ilird 
nerve ;  the  history  of  such  attempts  together  with  a  criticism  upon  them 
is  given  fully  in  Gegenbauer's*  paper  and  need  not  detain  us  here. 
In  my  opinion  no  such  supposition  is  necessary,  for  both  these  nerves 
possess  within  themselves  structures  which  appear  to  me  to  have  been 
originally  the  nerve  cells  and  nerve  fibres  corresponding  to  the  cells  and 
nerve  fibres  of  the  stationary  ganglion  on  a  posterior  root  of  a  spinal 
nerve;  so  that  in  the  possession  of  afferent  fibres  with  a  stationary 
ganglion  as  well  as  in  the  posscswon  of  efforcnt  fibres  these  two  nerves 
conform  each  to  the  type  of  a  complete  segmental  nerve. 

These  structures  I  have  found  in  their  greatest  perfection  in  the 
nerves  of  man ;  and  the  following  description  refers  to  osmic  acid 
preparations  of  the  cranial  nerves  of  a  woman  aged  29  who  died  of 
perforation  of  the  intestines.  The  roots  of  the  nerves  were  taken  out 
24  hours  after  death  with  portions  of  the  brain  attached  to  them  and 

>  op.  cit. 
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iromediately  placed  in  osmic  acid  1  7*  solution.  Each  nerve  \vas  cut 
into  a  series  of  sections  from  its  exit  at  the  brain  for  some  distance 
peripberal  wards. 

In  PI.  XVII,  Fig.  2,  I  give  three  sections  of  the  IVth  nerve 
selected  out  of  the  whole  series.  The  section  (2a)  is  through  the  root 
of  the  nerve  close  to  its  exit  from  the  valve  of  Yieussens,  and  it  shows 
that  the  nerve  fibres  are  surrounded  by  a  thick  sheath  of  peculiar 
coDnective-tissue-like  material ;  while  section  (2c)  taken  more  towards 
the  periphery  shows  that  this  sheath  of  peculiar  tissue  no  longer 
exists.  An  examination  of  tlie  sections  between  2a  aud  2c  shows 
that  the  manner  of  disappearauce  of  this  thickened  sheath  is  very 
peculiar,  it  does  not  remain  on  the  outside  of  the  nerve  fibres  but 
forms  roundish  masses  of  the  same  peculiar  material  in  between  the 
nerve  fibres  themselves  as  is  seen  in  (26),  so  that  the  sections  with  a  low 
]H>wer  possess  a  remarkable  resemblance  to  a  section  through  a  ganglion. 
At  the  |K*riphend  side  of  this  ganglion  like  formation  these  round 
masses  of  fibrillur-like  material  ceu&e  somewhat  abruptly  and  the 
sections  appear  as  in  2c. 

Again  in  the  IlIrd  nerve  the  same  formation  is  seen ;  here  we  have  a 
nerve  composed  of  a  great  number  of  rootlets  and  the  sections  show 
that  the  ganglion-like  structure  makes  its  appearance  on  the  separate 
rootlets  lielorc  they  join  t.ogcthcr  to  form  the  conjoint  root.  Very 
striking  indeed  is  the  sight  of  a  number  of  these  rootlets  each  presenting 
in  a  greater  or  less  degree  the  appearance  represented  in  Fig.  1,  PL  XVII. 
Here  too  we  see  another  point  of  resenibhince  between  this  structure 
and  a  spinal  ganglion.  In  the  latter  it  is  of  common  occurrence  to  find 
that  the  formation  of  the  ganglion  has  thrown  many  nerve  fibres  out 
of  their  previously  parallel  course,  so  that  on  transverse  section  of  the 
ganglion  many  fibres  are  cut  in  a  more  or  less  longitudinal  direction ; 
the  ssimc  deviation  is  found,  as  is  seen  in  Fig.  1,  in  many  of  the  large 
fibres  of  the  Ilird  nerve,  which  are  thrown  out  of  their  direct  course 
in  consequence  of  the  formation  of  these  rounded  fibrillar  masses 
in  a  way  precisely  similar  to  what  occurs  in  the  spinal  ganglion.  In 
fact  if  we  imagined  the  living  protoplasm  of  both  the  cells  and  the 
sensory  fibres  of  such  a  spinal  ganglion  as  that  found  in  the  thoracic 
region  of  the  tortoise  to  have  degenerated  and  disappeared  so  that 
only  the  envelope  of  these  structures,  so  to  speak,  was  loft,  we  should 
have  an  appearance  very  like  what  is  seen  in  the  Illrd  and  IVth  nerves, 
of  man ;  the  intact  fibres  of  the  anterior  root  in  the  tortoise,  which  as 
already   mentioned   do   not   in   this   animal   run  separately  from   the 
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gaDglion,  would  correspond  to  the  intact  motor  fibres  of  the  Ilfrd  and 
IVth  nerves  in  man. 

When  I  first  observed  this  peculiarity  of  structure  in  the  roots  of 
certain  of  the  cranial  nerves  I  imagined  that  the  observation  was 
entirely  new;  it  was  however  pointed  out  to  me  later  on  that  a  paper 
had  been  written  on  the  subject  by  Thomson*  working  with  Westphal ; 
from  his  figures  and  description  he  evidently  has  seen  the  sjimc 
structures  which  I  have  described,  and  although  he  does  not  recognize 
anything  of  the  nature  of  a  ganglion  in  the  roots  of  such  a  nerve  as  the 
Ilird  yet  he  says  that  he  has  convinced  himself  that  this  fibrillar 
material  is  of  phylogenetic  importance  and  represents  the  remains  of 
nerve  cells;  further  that  in  the  new-born  infant  he  has  found  ganglion 
cells  in  connection  with  these  circumscribed  spots.  If  then  we  put 
together  the  observations  of  Thomson  which  led  him  to  the  conclusion 
that  these  fibrillar  masses  were  the  remains  of  isolated  nerve  cells  and 
mine  which  have  shown  that  such  masses  are  not  isolated  but  are 
arranged  just  like  the  cells  of  a  spinal  ganglion,  we  must  I  think  come 
to  the  conclusion  th<it  in  these  strands  and  clumps  of  fibrillar 
tissue  found  in  the  Ilird  and  IVth  nerves  wo  have  the 
remnants  of  nerve  fibres  and  nerve  cells  which  in  by-gone 
animals  were  once  of  functional  importance,  but  which  have 
become  useless  and  so  lost  their  living  protoplasmic  contents, 
leaving  the  mere  husk  to  show  us  still  that  these  two  nerves 
originally  possessed  nerve  fibres  and  groups  of  ganglion  cells 
corresponding  in  position  and  doubtless  also  in  function  with 
the  nerve  fibres  and  nerve  cells  of  the  stationary  ganglia  on 
the  afferent  root  of  a  spinal  nerve. 

Any  arrangement  then  of  cranial  nerves  according  to  cranial 
segments  must  in  the  future  reckon  the  Illrd  and  IVth  cranial  nerves 
as  completely  or  rather  almost  completely  formed  segmental  nerves. 

I  say  almost  completely  because  in  one  respect  only  they  do  not 
apparently  conform  to  the  complete  scgmentiU  type,  viz.  the  large 
medullated  fibres  of  their  efferent  roots  supply  muscles  which  are  all 
somatic,  being  formed  according  to  van  Wijhe  from  the  muscle  plates 
of  the  first  two  cranial  soinit<es;  they  ought  in  addition  to  possess 
large  medullated  motor  nerve  fibres  belonging  to  the  non-ganglionated 
splanchnic  group.  Clearly  such  fibres  do  not  exist  in  the  nerves 
themselves,  it  however  by  no  means  follows  that  such  fibres  do  not 

*  Virchow*8  Arc.hh\  Vol.  cix. 
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spring  from  coiitros  of  origiu  belonging  to  the  same  mc tamers  as  those 
of  the  IJInl  and  IVtIi  nerves  but  pass  out  at  a  (li(Torent  level,  for  it 
cannot  be  too  often  insisted  upon  that  the  position  of  the  eell  groups 
in  connection  with  the  nerve  fibres  is  the  true  criterion  of  what  forms 
a  nervous  metanier  rather  than  the  position  of  the  exits  of  the  nerve 
fibres.  When  I  come  to  the  consideration  of  the  structure  of  the  Vllth 
nerve  I  will  deal  with  the  evidence  for  the  existence  of  non-ganglionated 
splanchnic  efferent  nerves  belonging  to  the  same  metamers  as  the  Ilird 
and  1  Vth  cranial  nerves  (see  p.  1 75). 

Finally  before  passing  on  to  the  consideration  of  the  other  cranial 
nerves  it  is  perhaps  worth  while  to  indicate  how  my  view  of  the 
meaning  of  these  two  nerves  differs  from  the  views  generally  held  as 
put  forward  by  Gegenbauer  in  his  recent  paper.  According  to  v. 
Wijhe  both  Ilird  and  I  Vth  cranial  nerves  are  the  ventral  roots  of  two 
s('gmontal  nerves  of  which  the  rant,  ophtluilm,  profandm  and  the  rest 
of  the  Vth  nerve  form  the  respective  dorsal  roots.  Against  this 
Gegenbauer  urges  (1)  that  the  ravi.  ophihahn.  jirofundas  bears  no 
trace  of  being  a  separate  nerve,  it  is  only  a  branch  of  the  Vth  and 
therefore  will  not  do  for  the  dorsal  root  of  the  nerve  of  the  1st  somite, 
and  (2)  that  the  IVth  nerve  is  something  separate  and  possesses 
sensory  branches  both  in  Amphibians  and  Selachians.  The  view 
which  1  put  forward  is  this,  both  Ilird  and  IVth  nerves  ar«» 
in  themselves  complete  segmental  nerves  of  the  type  whicii 
Balfour' supposes  to  have  been  the  original  type  "when  mixcMl 
motor  and  sensory  posterior  roots  were  the  only  roots 
present";  that  then  owing  to  some  change  which  occurred 
during^the  past  history  of  the  vertebrate  the  sensory  parts  of 
these  two  nerves  degenerated  and  their  place  was  taken  by 
the  sensory  elements  of  the  Vth  nerve  which,  arising  from 
segments  behind,  supplied  those  parts  which  have  reiilaccd 
the  original  sensory  surfaces.  Thus  the  ram.  ophthahn,  pro- 
fundus is  not  a  separate  dorsal  root  but  is  a  part  of  an 
extraordinary  group  of  nerves,  viz.  those  constituting  the 
sensory  root  of  the  Vth  nerve,  which  as  we  shall  see  have 
come  up  from  hinder  segments  for  the  pur|»ose  of  replacing 
the  lost  sensory  nerve  roots  of  a  sorios  of  primarily  fully 
formed  segmental  nerves. 

These    two    nerves    then    form    the    primitive    segmental 
nerves  of  the  1st  and  2nd  segments. 

*  Comp.  KuibnjoL,  Vol.  ii.  p.  380. 
PH.  X.  12 
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Nerves  of  tlie  hind-brain,  Vth  and  Vlth  cranial  nei^es. 

These  two  nerves  are  in  reality  made  up  of  3  nerves,  viz,  two  efferent 
nerves  and  one  afferent ;  the  fimetion  of  the  YIth  nerve  is  purely  motor, 
it  supplies  only  one  muscle,  m.  extemus  rectus, — a  muscle  belonging  to 
the  somatic  system  being  derived  according  to  v.  Wijlie  from  the  muscle 
plate  of  the  3rd  somite ;  the  structure  of  the  YIth  nerve  shows  that  it 
is  composed  of  large  medullated  fibres  varying  in  size  from  14*4;a — 18/a 
together  with  a  few  smaller  ones,  but  there  is  no  sign  of  any  distinct 
group  of  small  fibres  as  in  the  Ilird  and  I  Yth  nerves. 

The  function  of  the  so-called  motor  part  of  the  Yth  nerve  is  also 
very  largely  motor  but  it  in  all  probability  contains  also  fibres  for  the 
lachi7mal  gland  as  well  as  fibres  which  dilate  the  pupil  and  relax  the 
ciliary  muscle  and  possibly  also  vaso^dilator  fibres ;  in  accordance  with 
its  function  the  structure  of  the  nerve  is  composed  of  large  medullated 
fibres  and  of  groups  of  small  fibres  which  are  doubtless  in  connection 
with  the  various  vagrant  ganglia  such  as  the  spheuo-palatiue  found  in 
connection  with  this  nerve. 

The  muscles  which  are  supplied  by  the  largo  fibres  of  the  motor 
part  of  the  Yth  nerve  are  derived  from  the  ventral  group  of  mesoderm 
segments  according  to  v.  Wijhe,  i.e.  from  the  lateral  plates  of  mesoblast, 
so  that  these  fibres  belong  to  the  group  of  non-ganglionated  splanchnic 
efferent  nerves  and  it  follows  that  the  motor  part  of  Y  contains  no 
somatic  elements;  if  thou  we  take  together  the  two  nerves  YJ  with  its 
somatic  fibres  and  the  motor  part  of  Y  with  its  splanchnic  fibres  wo 
obtain  all  the  elements  necessary  for  the  construction  of  a  complete 
spinal  nerve  as  far  as  the  efferent  fibres  are  concerned. 

If  we  ask  next,  Where  are  the  afferent  fibres  with  their  root  ganglion 
belonging  to  this  nerve  ?  the  natural  answer  would  be  in  the  sensory 
root  of  the  Yth  with  the  Qasserian  ganglion;  and  yet  I  venture  to  think 
such  answer  would  be  wrong,  for  the  roots  of  the  motor  part  of  the  Ylli 
contain  within  themselves  the  remains  of  nerve  fibres  and  ganglia  of 
precisely  the  same  character  and  in  the  same  position  as  those  already 
described  on  the  I'oots  of  the  IlIrd  and  lYth  nerves.  In  the  YIth  nerve 
I  have  not  found  any  sign  of  a  regular  ganglion  formation,  only  a  few 
scattered  round  masses  of  the  same  fibrillar  material  which  are  appa- 
rently the  remains  of  isolated  ganglion  cells;  I  conclude  therefore  that 
primitively  the  motor  part  of  Y  and  the  YIth  nerve  taken  together 
form  a  complete  segmental  nerve  which  does  not  require  the  sensory 
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part  of  y  to  make  it  complete.  It  is  possible  that  some  portion 
of  the  sensory  part  of  Y  which  is  in  close  connection  with  the  origin  of 
tlie  motor  part  may  belong  to  this  segment.  All  that  I  desire  to 
emphasise  is  the  iudcpendcnce  of  the  ascending  root  of  V  from  this 
segment.  In  order  to  understand  the  meaning  of  the  sensory  root  of  Y 
with  its  Qasserian  ganglion,  it  will  be  better  to  consider  it  with  the 
nerves  of  the  medulla  oblongata  rather  than  in  the  present  place ;  it 
will  suffice  here  to  say  that  the  nerve  fibres  and  ganglion  cells  of  this 
root  are  all  functional^  there  is  no  sign  hero  of  any  degenerated  ganglion 
cells  or  nerve  fibres. 

The  primitive  segmental  nerve  then  of  the  3rd  or  mandi- 
bular segment  is  represented  by  the  3rd  branch  or  motor  part 
of  the  Vth  nerve  together  with  the  Vlth  nerve  and  the  ramus 
mawillaris  superior  of  the  Vth  nerve,  i.e.  the  2nd  branch  of 
the  Vth  has  rei)l:iood  the  lost  sensory  elements  of  the  original 
nerve  just  as  the  ram,  ophthalmicus  has  replaced  those  of  the 
two  first  segments.  This  is  in  accordance  with  the  observations  of 
Marshall  and  Spencer  and  v.  Wijhe  who  all,  as  quoted  by 
Gegenbauer,  look  upon  the  ram.  maxillaris  sup.  as  arising  secondarily 
to  the  rant,  mandibidai^.  As  to  the  position  of  the  Vlth  nerve 
the  main  fact  is  that  it  supplies  the  m.  rectus  externus  which  is 
derived  from  the  3rd  somite;  it  is  however  by  no  means  so  clear  that 
it  therefore  belongs  to  the  2nd  ventral  segment  or  hyoid  segment 
rather  than  to  the  1st  or  mandibular,  for  neither  Marshall's  nor 
V.  Wijhe's  arguments  are  sufficient  to  convince  Qegenbauer  that 
the  Vlth  is  the  anterior  root  of  the  Vllth.  The  investigations  of 
Ahlborn  seem  to  show  that  in  Petromyzon  this  nerve  is  much  more 
closely  connected  with  the  Vth  than  with  the  Vllth ;  and  the 
investigations  of  v.  Wijho  show  that  the  1st  gill-pouch  is  situated 
mainly  niuler  the  3rd  somite,  its  anterior  portion  only  lying  under  the 
posterior  portion  of  the  2ud  somite.  In  order  to  make  his  dorsal  and 
ventral  segments  fit  each  other,  and  because  he  considers  that  the  2nd 
somite  belongs  to  the  mandibular  segment,  v.  Wijhe  is  obliged  to 
suppose  that  the  hyoid  segment  is  really  double  and  that  the  ventral 
portion  corresponding  to  the  3rd  somite  is  not  developed.  Qegen- 
bauer has  however  shown  that  such  an  assumption  is  not  warranted ; 
we  have  no  reason  to  suppose  that  the  hyoid  segment  is  double  and 
V.  Wijhe's  difficulty  no  longer  exists  if  the  Vlth  nerve  belongs  in 
reality  to  the  mandibular  rather  than  to  the  hyoid  segment. 

12—2 
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Nerves  of  the  hind-brain,  Vllth  and  Vlllth  nerves. 

In  the  Vllth  nerve  we  find  again  an  essentially  motor  nerve  as  far 
as  function  is  concerned,  for  it  supplies  the  muscles  of  the  face ;  in 
addition  it  supplies  efferent  fibres  to  glandular  structures,  dilator  nerves 
to  blood-vessels  by  means  of  its  well  known  branches  chorda  tympani 
&c.  Like  the  motor  part  of  the  Vth  nerve  it  is  essentially  a  splanchnic 
efferent  nerve,  for  the  striated  muscles  it  supplies  all  belong  to  the 
visceral  group  of  muscles,  being  derived  according  to  v.  Wijhe  from  the 
ventral  mesoderm  segments,  i.e.  from  the  lateral  plates  of  mesoblast. 
Examination  of  its  structure  shows  af]fain  a  division  into  largo  fibred  ami 
small  fibred  groups  of  nerves ;  the  larger  fibres  passing  off  as  the  motor 
nerves  of  the  facial  muscles,  while  the  fine  fibres  in  the  main  separate 
out  to  enter  into  the  geniculate  ganglion  and  from  thence  to  pass  to 
their  destination  in  the  chorda  tympani,  petrosus  stiperficialis  major  &c. 

In  man  it  can  be  very  plainly  seen  that  the  majority  of  these  fine 
fibres  do  not  belong  to  the  roots  of  the  facial  proper,  but  compose  a 
series  of  rootlets  situated  between  the  facial  and  the  auditory  and  known 
by  the  name  of  the  n,  intermedius.  The  contrast  between  the  structure 
of  the  n.  intermedins  and  that  of  the  facial  roots  proper  is  very  striking, 
and  it  is  worthy  of  mention  that  although  the  n,  intermedins  is 
essentially  a  small  fibred  formation  a  few  very  much  larger  fibres  stand 
out  conspicuously  among  the  smaller  ones.  I  draw  attention  to  this 
fact  simply  because  it  is  possible  that  the  further  investigation  of  these 
larger  fibres  may  throw  light  on  the  vexed  question  of  the  existence  of 
nerves  of  taste  in  coimcction  with  the  Vllth  nerve.  In  neither  dog  nor 
rabbit  can  a  distinct  n.  intermediums  be  spoken  of;  in  both  cases  however, 
when  the  sections  of  the  rootlets  of  the  Vllth  nerve  are  examined  close 
to  the  exit  of  the  nerve  from  the  brain  substance,  it  is  found  that  many 
of  the  separate  bundles  are  composed  entirely  or  nearly  entirely  of  the 
smallest  fibres,  of  fibres  in  the  case  of  the  dog  varying  in  size  from 
about  Sfi — 4sfi, 

These  bundles  have  a  strong  tendency  to  be  grouped  together  apart 
from  the  rootlets  containing  the  large  fibres  of  the  Vllth  nerve ;  such 
bundles  represent  I  imagine  the  n.  intermeditcs  of  human  anatomy  and 
their  fibres  pass  directly  into  the  geniculate  ganglion.  Undoubtedly  the 
cells  of  the  geniculate  gfinglion  are  mainly  connected  witli  these  small 
fibred  groups  and  equally  undoubtedly  such  nerves  as  the  choi-da  tympani 
and  petros.  superficialis  nmjor  which  are  known  to  be  largely  efferent  in 
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fiiticlioii  spring  from  tliis  gangliou,  so  that  we  have  very  good  grounds 
for  looking  upon  this  ganglion  as  a  vagrant  efferent  ganglion  of  the 
same  kind  as  the  oculomotor  ganglion.  It  may  however  be  more  than 
this,  for  I  have  not  been  able  as  yet  to  convince  myself  that  it  is 
free  from  connection  with  any  group  of  largo  fibres  as  is  the  case  in  the 
latter  ganglion.  It  is  difficult  to  obtain  a  really  good  series  through 
this  ganglion,  owing  to  the  great  difficulty  of  combining  really  good 
osmic  staining  with  freedom  from  splinters  of  bone,  so  that  I  can  only 
say  that  my  present  sections  point  to  the  conclusion  that  this  ganglion 
is  not  wholly  eiroront,  for  it  appears  to  bo  in  connection  with  a  small 
group  of  large  fibres  which  are  probably  afferent  in  nature.  Whether 
this  group  if  it  exists  comes  from  the  n.  intermedius  or  not  I  cannot  at 
present  say ;  it  is  one  of  the  numerous  points  of  interest  in  connection 
with  the  relation  between  the  size  of  a  nerve  fibre  and  its  function 
which  requires  investigation.  One  point  however  is  worthy  of  mention, 
viz.,  that  according  to  the  universal  agreement  of  morphologists,  the 
Vlltli  nerve  in  the  lower  vertebrates  possesses  a  ganglion  which  is  in 
connection  with  sensory  nerves ;  in  man,  and  in  the  higher  vertebrates, 
it  would  appear  that  the  region  supplied  by  such  sensory  nerves 
is  innervated  by  the  Vth  and  not  by  the  Vllth,  so  that,  considering 
the  intimate  relationship  which  is  known  to  exist  between  the 
VJTth  and  Vth  in  those  lowest  classes  of  vertebrates,  it  is  possible 
that  a  rr.mnant  of  sensory  iibrus  should  still  exist  in  the  Vllth  nerve  of 
tlu;  higher  vorUibratos  which  would  bolon;^  to  the  same  sj'stcm  as  the 
sensory  fibres  of  the  Vth  nerve,  and  therefore  as  we  shall  see  later 
on  to  the  system  of  ascending  roots. 

The  large  fibred  rootlets  of  the  Vllth  nerve  contain  a  few  fibres  of 
the  smallest  size,  but  are  mostly  composed  of  the  motor  fibres  of  the 
facial  muscles,  which  are  very  uniform  in  size  and  measure  about  10*8/i^ 
In  addition  to  these  there  are  also  a  very  large  quantity  of  fibres  which 
measure  between  7/i  and  8/Lt. 

The  evidence  then  of  the  structure  and  function  of  the  Vllth  nerve 
shows  that  it  corresponds  to  a  complete  segmental  nerve,  in  that  its 
efferent  root  contains  a  large  fibred  non-ganglionated  splanchnic  portion 
and  a  small  fibred  ganglionatcd  splanchnic  portion  with  its  vagnint 
ganglia  in  the  shape  of  the  geniculate  ganglion,  submaxillary  gan- 
glion, &a 

As  far  as  its  stationary  ganglion  belonging  to  its  afferent  root  is 
concerned  we  find  here,  as  in  the  other  motor  cranial  nerves  already 
considered,  evidence  of  a  degenerated  ganglionic  structure  close  to  the 
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exit  of  the  nerve  from  the  brain.  In  Fig.  3,  PI.  XYII,  I  give  a  picture  of 
a  section  through  this  primitive  ganglion  of  the  Vllth  nerve.  In  my 
opinion,  then,  the  Vllth  nerve  is  similar  to  the  Ilird,  IVth  and  pars 
mandibidaris  of  the  Vth  in  that  it  has  lost  its  primitive  stationary 
ganglion  and  the  afferent  fibres  in  connection  with  that  ganglion; 
I  would  therefore  look  upon  the  existing  sensory  distribution  of  the 
nerve  as  belonging  to  the  same  system  as  that  of  the  Vth,  i.e.,  as 
already  mentioned,  a  system  of  sensory  nerves  which  has  taken  the 
place  of  the  lost  sensory  elements  of  the  primitive  group  of  segmental 
nerves. 

One  component  of  a  fully  formed  segmental  nerve  still  remains  for 
consideration,  viz.  the  somatic  efferent  portion.  In  my  previous  paper* 
I  called  attention  to  the  remarks  of  Schwalbe,  that  many  observers 
considered  that  some  part  of  the  fibres  of  the  Vllth  arose  from  the 
nucleus  of  the  Vlth  nerve,  and  also  that  the  m.  orbicularis  palpebrarum 
an<l  m.  frontalis  often  remain  unaffected  in  cases  of  bulbar  paralysis 
when  the  nucleus  of  the  Vllth  nerve  has  been  destroyed  by  disease. 
I  imagined  then  that  possibly  these  muscles  might  be  supplied  by  fibres 
from  the  nucleus  of  the  Vlth  nerve. 

Now  I  had  noticed  that  the  motor  fibres  supplying  the  somatic 
muscles  of  the  eye  were  very  much  larger  than  those  supplying  the 
facial,  pharyngeal  and  laryngeal  muscles,  i.e.  in  these  cases  a  distinct 
difference  in  size,  between  somatic  motor  and  splanchnic  motor  nou- 
ganglionated   nerve  fibres,  the  former  varying  from  14*4/i — 18/i,  the 
latter  from  9fi — 10*8/i.    A  similar  difference  in  size  of  fibres  is  very 
evident  in  the  formation  of  the  phrenic  nerve.    In  Fig.  5,  PI.  XVI,  I  give 
a  section  through  the  4th  cervical  nerve  of  the  rabbit  at  the  point  where 
the  fibres  of  the  phrenic  are  separating  out  from  the  rest  of  the  fibres  of 
the  4th  cervical  nerve ;  as  is  seen  the  fibres  of  the  phrenic  nerve  (B)  are 
very  uniform  in  size  and  much  smaller  than  the  large  motor  fibres  of  the 
somatic  muscles  supplied  by  the  4th  cervical  nerve  (A).     If  then  any 
somatic  fibres  from  the  nucleus  of  the  Vlth  piussod  out  in  the  Vllth 
nerve  they  ought  to  be  conspicuous  by  their  size  among  the  smaller 
motor  fibres  of  the  Vllth.     Reasoning  in  this  way  I  was  much  struck 
to  find  that  in  the  roots  of  the  Vllth  nerve  of  the  dog  a  small  group 
of  large  fibres  stands  out  most  conspicuously ;   the  size  of  the  fibres 
being  the  same  as  those  of  the  large  motor  nerves  of  the  eye. muscles, 
viz.  IC/Lt— 18/Lt.    In  Fig.  4,  PI.  XVI,  these  fibres  are  shown  in  the  rootlets 

>  Op.  eiU  p.  68. 
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as  they  are  found.  Here  then  appeared  to  be  positive  evidence  of  the 
existcuce  of  somatic  motor  fibres  in  the  roots  of  the  Vllth  nerve.  Upon 
examination,  however,  of  the  nerves  supplying  the  orbicularis  and  front- 
alis muscles  I  was  unable  to  find  that  tlicir  fibres  were  different  in 
size  to  those  of  the  other  facial  muscles,  and,  indeed,  section  of  the 
branches  of  the  Yllth  nerve  after  they  had  passed  out  of  the  stylo- 
mastoid foramen  failed  to  show  the  presence  of  any  group  of  especially 
large  fibres. 

There  is  then  no  evidence  that  any  one  of  the  muscles  of  expression 
is  innervated  did'crcntly  from  the  rest,  they  all  belong  to  the  same 
group,  they  are  all  supplied  by  splanchnic  non-ganglionatcd  fibres.  Yet 
the  fact  remains  that  certain  muscles  escape  paralysis  when  the  rest 
are  paralysed  by  disease  situated  centrally.  During  the  last  year  an 
explanation  of  this  peculiarity  has  been  given  by  the  observations  of 
McntleP,  who  found  that  the  m,  orhickdaris  jHilpehrarum  was  innervated 
by  fibres  which  arose  from  the  posterior  portion  of  the  oculomotor 
nucleus  and  travelling  along  the  posterior  longitudinal  bundle  passed 
out  with  the  roots  of  the  Vllth  nerve  to  reach  their  destination.  In 
fact  in  these  muscles  and  their  nerve  supply  we  have  the  missing 
splanchnic  non-ganglionated  efferent  portion  of  the  oculomotor  and 
trochlearis  segments  to  which  reference  was  made  on  p.  169. 

Still  firmly  convinced  in  my  own  mind  that  these  Largo  fibres 
represonteil  the  somatic  efferent  elemenUs  of  the  facial  nerve,  I 
dissected  out  the  whole  facial  from  its  origin  to  its  exit  from  the 
stylomastoid  foramen^  stained  it  with  osmic  and  cut  sections  of  it  at 
intervals,  and  found  that  at  a  certain  point  in  the  nerve  all  the  very 
large  fibres  which  were  present  in  the  nerve  at  that  point  came  together 
to  the  periphery  of  the  nerve,  and  forming  a  distinct  though  small  nerve 
branch  disappeared  out  of  the  series  of  sections.  It  is  cleai*  then  that 
these  large  fibres  have  a  very  definite  meaning,  for  they  go  off  by  them- 
selves to  form  a  separate  nerve ;  I  was  unable  to  trace  this  slender 
nerve  to  its  destination  but  it  seemed  to  me  at  the  time  that  the  only 
mascle  it  could  possibly  supply  was  the  m.  stapedius,  and  as  the  rest  of 
the  very  large  fibres  left  the  main  trunk  in  one  of  the  branches  from  the 
geniculate  ganglion  I  imagined  that  they  probably  wore  inUmded  for 
the  supply  of  the  wi.  levator  palati,  which  according  to  all  the  text-books 
is  innervated  from  the  Yllth  nerve.  That  such  were  the  actual  or 
probable  destinations  of  these  large  fibres  I  have  stated  in  the  preliminary 

*  "Ucbcr  den   Kern-Uraprung  dcs  Augen-Facialis."      Neurolog.   Centralblait,   1887, 
p.  537. 
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comraunication^  to  this  paper;  in  both  cases  that  statement  is 
unfortunately  erroneous,  for  in  the  first  place  I  determined  before 
the  full  paper  was  published  to  trace  this  fine  nerve  into  the  m. 
stapedius^  and  one  of  the  students,  Mr  Waggett,  kindly  undertook  to 
dissect  out  the  facial  nerve  and  the  sttapcdius  muscle  and  to  make 
sections;  this  he  has  done  nnd  has  proved  to  me  conclusively  that  the 
large  fibres  do  not  8U[>ply  the  sUipedius  muscle  and  do  not  leave  the  main 
trunk  until  nearer  the  exit  of  the  facial  firom  the  bone ;  as  yet  he  has 
not  determined  their  ultimate  destination.  I  beg  here  to  thank  him  for 
pointing  out  to  me  the  erroneous  conclusion  to  which  I  had  come  from 
my  OMm  imperfect  observation.  In  the  second  place,  the  observations  of 
Beovor'  and  ITorsloy  which  have  recently  Ix^en  published  show  that 
the  text-books  of  anatomy  ai^e  wrong  with  respect  to  the  vi,  levator* 
pcdati,  for  that  muscle  is  innervated  by  the  spinal  accessory  nerve  and  not 
by  the  facial,  so  that  the  large  fibres  of  the  facial  cannot  supply  that 
muscle. 

At  present,  then,  I  must  confess  that  I  have  no  evidence  to  oflFer  as  to 
the  existence  of  the  somatic  efferent  nerves  of  the  hyoid  segment,  and 
can  only  point  out  that  v.  Wijhe's  4th  somite  aborts  and  does  not  form 
any  muscles,  which,  if  v.  Wijhe  is  wrong,  as  Gegenbauer  thinks,  in 
supposing  that  the  hyoid  segment  is  double,  may  mean  that  the  somatic 
muscles  of  the  hyoid  segment  have  for  some  reason  or  other  ceased  to  be 
developed.  The  other  supposition  would  be  that  the  YIth  nerve  is  .all 
that  remains  of  the  somatic  efferent  nerves  of  both  the  mandibular  and 
hyoid  segments. 

As  to  the  Vlllth  nerve,  I  do  not  think  it  advisixblo  at  present  to 
offer  any  definite  oimiion  npcm  its  position;  for  I  do  not  jw  yet  know 
sufiicient  about  its  structure  or  the  origin  of  its  nerve  fibres  to  enable  me 
to  speak  with  any  confidence  with  respect  to  it.  I  can  therefore  only 
repeat  that  it  is  not  necessary  to  look  upon  it  as  part  of  the  Vllth,  and 
that  it  occupies  a  special  position  as  a  nerve  of  special  sense,  which  may 
possibly  justify  its  claim  to  an  iiulepcndent  position.  I  am  pleased  to 
find  that  I  am  supported  in  this  view  by  the  observations  of  Osborn', 
who  from  his  investigations  into  the  brain  of  the  Amphibia  is  inclined 
likewise  to  place  the  auditoiy  nerve  in  a  separate  category. 

Summing  up  the  results  of  our  investigation  into  the  nature  of  the 


'  Proceedtnya  of  the  Rotj,  »S'<ic.  Vol.  xliii.  p.  S8D. 
a  Pfoceedingi  of  the  Itoy»  Soc,  Vol.  XLiv,  p.  269. 
»  Op.  ci(.  p.  71. 
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cranial  nerves  considered  up  to  this  point  we  sec  that  they  form  a 
natural  group,  all  the  members  of  which  possess  the  same  charac- 
teristics. 

lu  this  group  of  motor  cranial  nerves  formed  by  the 
Ilird,  IVth,  Vlth  and  motor  part  of  Vth,  and  Vllth  nerves 
we  find  at  least  4  fully  formed  segmental  nerves,  which  for 
some  reason  or  other  have  lost  a  certain  portion  of  their 
original  components. 


Nerves  of  Hie  Medulla  Oblongata. 

lu  the  next  group  of  cranial  nerves,  viz.  those  which  arise  from 
the  medulla  oblongata,  we  again  find  all  the  components  which  make 
up  a  fully  rornicd  spinal  nerve  or  rather  group  of  nerves;  here  however 
there  is  no  sign  of  any  degeneration  of  any  special  group  of  fibres,  but 
rather  of  a  dislocation  and  scattering  of  the  different  components,  so  that 
the  cranial  nerves  of  this  group  form  parts  of  a  number  of  segmental 
nerves  instead  of  each  one  forming  a  single  nerve;  thus  the  somatic 
efferent  nerves  are  collected  together  in  the  hypoglossal  nerve; 
the  somatic  afferent  fibres  of  this  region  do  not  pass  out  with  the  nerves 
of  the  medulla  oblongata,  but  help  to  form  part  of  the  sensory  root 
of  the  Vth  nerve,  the  only  other  somatic  sensory  nerves  iu  the  mammal 
being  the  auricular  branches  of  the  vagus;  the  splanchnic  nerves,  both 
aflbrent  and  oirereut,  form  the  glossopharyngeal,  vagus  and  medullary 
portion  of  the  spinal  accessory.  Taking  then  these  nerves  in  order  we 
must  examine  first  the  glossopharyngeal  or  IXth  cranial  nei-ve. 

By  the  general  consent  of  all  morphologists  this  nerve  holds  a 
|)crfoctly  definite  position  among  the  cranial  nerves;  it  is  the  nerve 
of  the  1st  branchial  sogmeut  and  supplies  only  the  ventral  ])ortion 
of  tliat  segment;  i.e.  it  is  a  purely  splanchnic  nerve  and  contains  no 
somatic  elements.  Further,  it  is  the  foremost  of  a  series  of  nerve  roots, 
viz.  those  of  the  vagus  and  the  medullary  portion  of  the  spinal 
accessory  which  are  all  built  up  on  the  same  plan,  are  all  splanchnic 
nerves  and  supply  the  ventral  portions  of  the  rest  of  the  branchial 
segments.  The  nature  of  the  fibres  which  form  the  nerves  of  this 
group  has  already  been  largely  considered  in  my  former  paper,  so  that 
it  is  not  necessary  to  dwell  upon  them  here.  I  will  however  briefly 
recapitulate.  The  IXth  and  Xth  each  possess  two  ganglia,  the  ganglion 
juguUire  and  ganglion  petroeum  on  the  one  hand,  and  the  ganglion  jug  a-- 
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lare  and  ganglion  trunci  vagi  on  the  other\  In  connection  with  the 
ganglion  pettvsum  glosaopharyngei  we  find  efferent  nerves  such  as  those 
forming  part  of  the  n.  tympanictis  and  supplying  the  parotid  gland  with 
both  secretory  and  vaso-dilator  fibres.  In  connection  with  the  ganglion 
trunci  vagi  we  find,  as  pointed  out  in  my  former  paper,  the  ujotor  fibres 
of  the  alimentary  tract 

The  structure  of  the  roots  of  the  IXth  and  Xth  nerves  resemble 
each  other  in  the  fact  that  they  are  composed  mainly  of  very  small 
fibres  varying  in  size  from  I'Sfi  to  3*6 /x.  They  also  contain  large  fibres 
the  size  of  which  does  not  exceed  10*8 /i.  Such  fibres  however  are 
very  sparing  in  the  glossopharyngeal  root,  but  more  numerous  in  the 
roots  of  the  vagus  and  the  medullary  roots  of  the  spinal  accessory. 
With  respect  to  the  function  of  the  different  fibres  we  are  met  with  the 
difficulty,  that  at  present  no  criterion  exists  in  the  structure  of  a  nerve 
fibre  by  which  we  can  decide  whether  a  nerve  fibre  of  any  particular 
size  is  afferent  or  efferent;  we  cannot  therefore  as  yet  decide  by  the 
mere  inspection  of  sections  of  the  roots  of  the  IXth  nerve  the  disputed 
point  as  to  the  existence  in  this  root  of  nerve  fibres  which  are  motor 
to  striated  muscles.  The  large  fibres  may  be  motor  to  such  muscles 
as  the  m.  stylo-pharyngeus  or  they  may  be  sensory  fibres  to  some  tract 
supplied  by  the  nerve. 

In  the  case  of  the  Xth  and  Xlth  nerves  it  is  easy  to  determine 
the  size  of  the  large  motor  nerve  fibres  of  the  laryngeal  muscles  by 
section  of  the  vagus  nerve  at  the  place  where  the  inf.  laryngeal  is  just 
leaving  the  nerve,  and  it  is  very  instructive  to  see  how  a  number  of 
the  largest  fibres  in  the  nerve  (about  10*8/*  in  size)  sort  themselves  out 
into  a  group  «t  the  periphery  of  the  nerve  trunk  and  so  form  the  inf. 
laryngeal  These  large  fibres  probably  come  partly  from  the  medullary 
roots  of  the  spinal  accessory  nerve,  in  which  fibres  of  that  size  are  freely 
found.  Such  medullary  roots  however  merge  imperceptibly  into  the 
roots  of  the  vagus  proper. 

In  accordance  witli  the  arguments  used  in  my  former  paper  and  in 
this  paper,  I  consider  that  the  two  jugular  ganglia  represent  the  sta- 
tionary afferent  ganglia  of  the  IXth  and  Xth  nerves,  while  the  ganglion 
petrosum  glossopharyngei  and  the  ganglion  trunci  vagi  represent  their 

1  The  roots  of  IX.  of  X,  of  the  medullary  portion  of  XI  and  that  rootlet  which  springs 
from  XI  to  pass  over  to  XII  and  to  form  its  gangliouatcd  root,  all  have  their  fibres 
imbedded  in  a  pecnliar  matrix  somewhat  resembling  the  degenerated  material  of  the  Ist 
groap.  This  is  however  not  arranged  so  as  to  form  ganglia,  and  cannot  be  interpreted  as 
in  the  first  case. 
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vagrant  efferent  ganglia.  In  the  higher  animals  the  stationary  ganglia 
arc  ill  connection  ahnost  entirely  with  splanchnic  afferent  fibres,  for,  with 
the  exception  perhaps  of  the  auricular  branch  of  the  vagus,  the  somatic 
afferout  nerves  of  this  region  have  all  passed  away  into  the  ascending 
root  of  the  Vth  nerve.  In  fishes,  however,  a  marked  sensory  nerve, 
belonging  I  imagine  to  the  somatic  system,  viz.  the  r.  lateralis^  arises 
from  the  vagus ;  and  section  of  this  nerve  in  the  skate  shows  that  it  is 
composed  mainly  of  large  fibres  which  are  in  marked  contrast  to  the 
small  fibred  structure  of  the  r.  intestinalis. 

Au  interesting  point  in  connection  with  the  vagrant  or  efferent 
ganglion  of  the  vagus  is  the  fact  that  its  nerve  cells  belong  to  the 
so-called  spinal  type  of  ganglion  cell,  and  not  to  the  so-called  sympathetic 
type,  although  as  I  have  already  explained \  the  fine  motor  fibres  of  the 
alimentary  tract  lose  their  medullary  sheath  after  passing  through  the 
ganglion.  Here  then  apparently  we  have  connected  with  ganglion  cells 
motor  fibres  which  are  intermediate  in  type  between  the  motor  fibres 
of  the  iris  muscles  and  those  of  the  muscles  of  the  vascular  system ;  and 
I  imagine  that  the  reason  why  these  nerve  cells  are  of  the  spinal  type  is 
because,  as  in  the  case  of  the  oculomotor  ganglion  already  discussed, 
only  one  nerve  fibre  leaves  the  cell  and  only  one  enters  it,  that  in  fact 
the  difference  between  the  non-medullated  fibres  of  the  vagus  trunk  and 
thosii  of  the  so-callod  syin[)atlictic  system  may  bo  ex2)laincd  by  supposing 
that  the  multiplication  of  fibres  takes  place  differently  in  the  two  cases : 
in  the  former  the  nerve  fibre  divides  some  time  after  it  has  left  the  cell, 
in  the  latter  the  division  takes  place  in  the  cell  itself.  In  osmic  pre- 
parations of  the  vagus  nerve  near  the  diaphragm  I  have  oflben  thought 
that  the  outlines  of  the  separate  nerve  fibres  showed  more  distinctly 
than  is  usual  in  a  mass  of  non-medullated  fibres,  and  many  of  the 
students  who  attend  my  lectures  to  whom  1  have  shown  the  specimens 
have  thought  that  a  very  fine  nieduUated  sheath  existed  round  each  axis 
cylinder,  so  that  the  loss  of  medulla  was  not  absolutely  complete ;  I  have 
not,  however,  been  able  to  convince  myself  that  such  is  the  case,  in  the 
dog  at  all  events,  and  I  find  that  Ranvier"  in  the  recently  issued  number 
of  his  Histology  also  looks  upon  the  vagus  as  largely  composed  of  non- 
mcdidlatcd  fibres.  On  the  other  hand,  the  great  mass  of  fibres  which 
leave  the  (/atiylion  irnnci  Viuji  of  the  crocodile  are  medullated;  and 
in  connection  respectively  with  the  retention  and  loss  of  the  motor 

1  Op.  eii.  p.  24. 

'  TraiU  technique  d'HUtologie,  lih  Fascic.    Paris,  1SS8,  p.  1022. 
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functions  of  the  nerve  according  as  it  was  cut  above  or  below  the 
ganglion,  it  is  to  be  noticed  that  in  the  former  case  most  of  the  me- 
dullated  fibres  showed  no  signs  of  degeneration,  while  in  the  latter 
case  the  most  noticeable  feature  was  the  marked  degeneration  of  these 
fibres. 

Seeing  that,  as  already  mentioned,  I  propose  in  a  future  paper  to 
discuss  the  exact  differences  in  size  of  fibre,  loss  of  medulla  and  connec- 
tion with  ganglion  cells  which  exist  in  the  motor  nerves  of  the  same 
animal  according  to  the  nature  of  the  muscle  supplied  I  will  not  dwell 
longer  on  this  point  now.  I  would  simply  desire  to  impress  upon  uiy 
readers  the  necessity  of  recognising  that  the  vagus  is  very  largely  if  not 
mainly  a  motor  or  cflcrcnt  nerve.  It  is  the  ni<>tx)r  nerve  not  only  of  the 
laryngeal  and  pharyngeal  muscles  but  also  of  the  unstripod  muscles  of 
the  bronchi,  and  of  the  muscles  of  the  whole  alimentary  tract  as  far  as 
the  hind  gut  and  its  appendages.  In  accordance  with  its  motor  charac- 
ter we  see  that  a  large  number  of  its  fibres  pass  on  one  side  of 
the  ganglion  jugtdare  and  enter  directly  into  the  motor  ganglion  called 
the  ganglion  trunci  vagi. 

The  Spinal  accessory  Nerve. 

This  was  the  nerve  the  consideration  of  which  led  me  to  the  con- 
ception of  the  division  of  the  nerve  roots  into  the  two  great  somatic  and 
splanchnic  divisions.  It  is  clearly  an  efferent  nerve,  it  is  equally  clearly, 
iis  I  have  already  shown  in  my  previous  paper,  mainly  composed  of  two 
liinds  of  fibres,  the  one  large  in  size,  and  the  other  very  small ;  the 
large  ones  arise  in  all  the  roots  of  the  nerve,  the  groups  of  small  fibres 
are  confined  to  the  medullary  and  upper  cervical  roots  and  pass  into  the 
ganglion  trunci  vagi.  In  this  nerve  we  have,  then,  clearly  a  separated 
group  of  motor  fibres  which  take  origin  from  the  same  metamers  as  the 
vagus  and  the  upper  cervical  nerves.  This  group  of  motor  nerves  is 
clearly  composed  of  a  ganglionatcd  splanchnic  part,  i.e.  the  small  fibred 
poii^iou  and  a  non-ganglionated  part;  and  the  interesting  question 
arises,  Are  these  non-ganglionated  large-fibred  nerves  splanchnic  or 
somatic  ?  According  to  the  suggestions  of  my  former  paper  the  volun- 
tary muscles  supplied  by  this  nerve  belong  to  Charles  BelTs  system  of 
respiratory  muscles,  and  the  nerve  therefore  is  a  purely  splanchnic 
nerve.  If  this  suggestion  is  a  true  one  we  have  the  very  important  fact 
that  the  efferent  splanchnic  fibres  of  the  upper  cervical  region,  both 
ganglionated  and  non-ganglionatcd,  have  separated  out  from  the  rest  of 
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the  components,  with  which  they  ought  to  be  associated  to  fonn  a 
complete  nerve,  anil  thus  have  formed  a  separate  nerve  root.  It  is 
necessary  then  to  consider  the  position  of  the  muscles  supplied  by  this 
nerve.  In  the  first  place,  we  see  that  the  large  motor  fibres  of  the 
medullary  roots  of  this  nerve,  together  with  those  of  the  vagus  proper, 
supply  the  laryngeal  and  pharyngeal  muscles;  these  are  clearly 
splanchnic  muscles,  and  not  somatic \  The  main  bulk  of  large  fibres 
supply  the  trapezius  aud  stemo-cleido-mastoid  muscles,  of  which  the 
latter  muscle  is  recognised  as  an  isolated  portion  of  the  foimor;  the 
question  for  discussion  therefore  resolves  itself  into  this.  Does  the 
VL  trapezius  or  in.  cucuUaris,  as  it  is  called  in  the  lower  animals, 
belong  to  the  splanchnic  or  somatic  muscular  systems?  For  the 
answer  to  this  question  £  am  indebted  to  my  friend  Dr  H.  Gadow, 
whom  I  beg  here  to  thank  for  this  and  other  assistance.  He  tells  me 
that  the  evidence  of  comparative  auatomy  distinctly  points  to  the 
conclusion  that  the  cucullaris  group  of  muscles  was  originally  a  visceral 
or  splanchnic  group  belonging  to  the  same  set  of  muscles  as  the 
mylohyoid,  platysma,  and  perhaps  the  digastric.  He  argues  that  the 
original  visceral  muscles  of  the  branchial  region  have  been  largely 
invaded  and  superseded  by  the  ventral  longitudinal  somatic  muscles,  so 
that  only  portions  of  them  have  remained  en  each  side  of  the  median 
ventral  nuisclos.  These  portions  then  have  in  their  turn  spread  over 
the  invading  somatic  muscles  ventralwards  and  so  formed  the  mylohyoid, 
platysma,  tnipezins  and  sterno-cleido- mastoid  muscles.  If  this  be  the 
case  then  all  the  large  fibres  of  the  spinal  accessory  supply  splanchnic 
muscles,  so  that  this  nerve  is  to  be  looked  upon  as  the  separated  out 
splanchnic  portion  of  the  efferent  roots  of  the  upper  cervical  nerves,  and 
contains  all  their  splanchnic  efferent  fibres,  both  ganglionated  and  non- 
ganglionated,  with  the  exception  of  those  fibres  which  form  the  phrenic 
nerve. 

The  Ilypoglossus  Nerve. 

It  is  unnecessary  to  add  anything  to  my  previous  description  of 
this  nerve;  it  is  a  purely  motor  nerve,  it  is  motor  to  the  longitudinal 
ventral  muscles,  i.e.  it  is  a  somatic  motor  nerve.  It  clearly  represents 
the  separated   somatic  efferent  nerves  of  this  region,  and  cannot  be 

1  In  the  pharyngeal  musdos  snppUcd  by  tliis  nervo  Uie  levator  vcli  palati  ought  to  bo 
inchulccl  oocordiug  to  tho  obKorvationH  of  II  or  ale  y  and  ]$oovor ;  wc  have  not  at  prcsout 
Muflicicnt  evidence  to  enable  us  to  judge  of  the  position  of  this  uiukuIc. 
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l(X>ked  upon  as  a  separate  segmental  nerve  any  more  tiian  the  anterior 
roots  of  the  let  or  2nd  cervical  nerves.  As  to  the  so-called  ganglionated 
root  of  the  Xllth  nerve  noticed  by  Froriep,  no  difficulty  appears  to 
me  to  arise.  It  is  easily  seen  in  the  dog,  and  I  have  shown  the  structure 
of  it  in  my  former  paper*.  I  have  also  in  the  figures  ou  Tl.  111.  of  the 
same  paper  indicated  the  nature  of  its  origin;  it  is  simply  one  of  the 
rootlets  of  the  medullary  portion  of  the  Xlth  nerve  which  runs  with 
the  Xllth  nerve  instead  of  with  the  Xth.  Its  presence  no  more  indi- 
cates a  posterior  or  afferent  root  to  the  Xllth  nerve  than  the  ganglion 
trunci  vagi^  and  the  small  ganglia  found  on  some  of  the  other  rootlets 
of  the  Xlth  nerve  make  this  latter  nerve  an  afferent  as  well  as  an 
efferent  nerve. 

Summing  up,  then  the  peculiarities  of  this  second  group 
of  cranial  nerves,  viz.  IX,  X,  XI  and  XII  together  with  the 
sensory  part  of  V,  we  see  that  they  represent  a  primitive 
group  of  at  least  five  segmental  nerves  which  unlike  those 
of  Group  I.  have  not  lost  any  particular  component,  but  have 
become  broken  up  and  split  into  various  portions,  doubtless 
in  connection  with  the  making  good  of  those  parts,  the  loss 
of  which  caused  the  degeneration  of  nerve  structures  ob- 
served in  Group  I. 

This  group  of  cranial  nerves  is  further  characterised  by  the  ex- 
tensive distribution  of  its  peripheral  nerves  both  somatic  and  splanchnic, 
for  not  only  is  the  whole  of  the  alimentary  canal  and  its  adjuncts 
with  the  exception  of  the  hind  gut  and  its  appendages,  innervated  by 
the  vagus  nerve,  but  also  in  the  nerve  of  the  lateral  line  we  have  the 
somatic  sensory  elements  of  this  group  extending  along  the  whole 
length  of  the  body.  Further,  this  group  is  characterised  not  only  by 
the  extensive  distribution  of  its  peripheral  nerves  but  also  by  the  ex- 
tensive origin  of  its  nerve  fibres  in  the  central  nervous  system,  as  will 
appear  in  the  following  section. 

OHgin  of  Hie  Efferent  Fibres  of  Hie  Cranial  Nei^es, 

As  far  as  the  origin  of  the  cranial  nerves  is  concerned  I  can  add 
little  to  what  is  already  known  and  described  in  the  anatomical  text- 
books, the  substance  of  which  was  epitomised  by  me  in  my  former 
paper;  this  is  amply  sufficient  to  show  that  the  groups  of  cells  which 
give  origin  to  the  cranial  nerves  belonging  to  the  two  groups  treated  of 

»  Op.  cH,  n.  1.  Fig.  G, 
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in  this  paper  are  the  direct  continuation  of  the  corresponding  cell 
groups  found  in  the  spinal  region,  that  in  fact  the  spinal  nature  of 
these  cranial  nerves  is  sho>vn  in  the  groups  of  cells  from  which  their 
fibres  arise  just  as  clearly  as  in  the  correspondence  between  the  structure 
and  function  of  their  peripheral  nerve-fibres  already  treated  of.  In 
the  first  place,  the  centres  of  origin  of  the  somatic  efferent  nerves  are 
absolutely  well-known  in  the  groups  of  cells  forming  the  nuclei  of  the 
Ilird,  IVth,  TIth  and  Xllth  nerves,  which  are  in  structure  and  posi- 
tion undoubtedly  the  continuation  of  the  cell  groups  of  the  anterior 
horn.  Th(»y  show  clearly  the  very  significant  fact,  which  is  by  no  means 
confined  to  the  cranial  region,  that  this  group  of  cells  does  not  form 
a  continuous  column,  but  that  the  separate  groupings  point  strongly 
to  an  original  metameric  arrangement  of  the  centres  of  origin  as  well 
BR  of  the  peripheral  distribution  of  these  somatic  nerves.  It  is  worthy 
also  of  notice  that  the  nuclei  of  the  Ilird  and  IVth  nerves  are  so  close 
together  as  to  bo  continiiouH,  while  that  of  the  Villi  is  some  distance 
reuioved  from  them ;  as  though  the  metamers  supplied  by  III  and  IV 
were  more  closely  related  to  each  other  than  to  that  supplied  by  VI. 
Again,  considering  the  smallness  and  compactness  of  the  region  supplied 
by  the  Xllth  nerve  the  extent  of  its  nucleus  is  most  striking,  for  it 
extends  along  the  whole  length  of  the  medulla  oblongata;  and  con- 
sidering  that  this  nerve  reproscrvts  the  somatic  efferent  part  of  the  vagus 
nerve,  i.e.  of  a  nerve  supplying  a  number  of  splanchnic  segments,  it  is 
]nost  ])robal)lo  that  this  extended  nucleus  of  origin  indicates  a  corre- 
sponding number  of  somatic  centres  which  have  coalesced  to  form  one 
long  nucleus. 

In  the  description  of  the  nuclei  of  origin  of  the  qranial  nerves  given 
in  the  text- books  of  human  anatomy,  such  as  Schwalbe  and  Hauber, 
it  is  clearly  pointed  out  and  indeed  has  long  been  known  that  the 
cranial  motor  centres  are  divisible  into  two  groups;  the  one  the  group 
already  considered,  and  the  other  a  lateral  group  corresponding  to  the 
lateral  horn  in  the  spinal  region  which  gives  origin  to  the  motor  nei-ves 
of  the  trigeminal,  facial,  vagus  and  spinal  accessory.  The  morphological 
importance  of  this  division  was  recognised  and  emphasised  by  Hill', 
who  however  failed  to  undersUvnd  its  true  import  as  he  had  not  read 
V.  Wijhe's  paper".  My  work  on  the  true  meaning  of  the  sympathetic 
system  in  combination  with  v.  Wijhe's  discovery  that  the  muscles 

^  Plan  of  central  nervous  system.    Cambridge,  1885. 

'  Ueher  die  Mesoderm  tegmente  u.   die  Eniwickl,  der   Nerven  de$  Selaehierkopfes, 
Amsterdam,  1882 
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supplied  by  these  two  sets  of  motor  fibres  arise  from  the  dorsal  and 
ventral  mesoblastic  segments  respectively,  enabled  me  to  recognise  the 
true  meaning  of  this  separation  of  the  motor  nuclei  of  the  cranial 
nerves  into  two  well-defined  groups,  of  which  the  one  gave  origin  to 
the  somatic  efferent  nerves  and  the  other  to  the  splanchnic  non- 
ganglionated  efferent  nerves.  In  his  last  paper  His*  has  also  begun  to 
appreciate  the  importance  of  this  separation  of  cratiial  motor  nuclei 
into  two  groups;  as  however  he  has  apparently  not  read  my  former 
paper  he  has  failed  to  understand  its  full  significance. 

The  centres  then  of  the  splanchnic  non-gauglionated  efferent  nerves 
form  the  well  defined  group  of  cranial  nuclei  known  as  the  motor 
nucleus  of  the  trigeminal,  the  nucleus  of  the  facia],  the  motor  nucleus  of 
the  vagus  group,  and  the  nucleus  of  origin  of  the  spinal  accessory  fibres. 
In  connection  with  these  nuclei  various  important  questions  arise  which 
are  of  interest  but  which,  since  they  are  subsidiary  to  the  main  argu- 
ment of  this  paper,  it  is  not  necessary  to  discuss  here;  such  ques- 
tions are  the  meaning  of  the  upper  nucleus  of  the  trigeminal,  the 
exact  origin  of  the  fibres  of  the  facial  which  supply  the  m.  orbicularis 
palpebrarum^  and  the  limits  of  the  spinal  accessory  nucleus.  The  main 
point  is  that  the  striated  muscles  which  arise  from  the  ventral  meso- 
blastic segments,  i.e.  from  the  splanchnic  segments,  are  innervated  by 
nerves  which  not  only  leave  the  central  nervous  system  separately 
from  the  nerves  which  innervate  the  muscles  of  the  somatic  segments, 
but  also  have  in  the  central  nervous  system  itself  separate  centres  of 
origin  from  those  latter  nerves.  These  centres  of  origin  arc  the  con- 
tinuation of  the  large  celled  groups  in  the  lateral  horn  of  the  spinal 
region  (see  p.  IGO).  Here  too  wo  find  that  these  nuclei  of  origin  arc 
distinctly  arranged  metamerically,  and  it  is  worthy  of  notice  that  these 
metameric  nuclei  extend  far  into  the  cervical  region,  and  by  the 
formation  of  a  long-ascending  root  give  origin  to  a  single  nerve  trunk, 
viz.  the  spinal  accessory. 

We  come  next  to  the  origin  of  the  splanchnic  g:inglionatod  efferent 
nerves  of  the  cranial  region,  i.e.  to  the  continuation  of  the  groups  of 
Clarke's  column,  the  solitary  cells  of  the  base  of  the  posterior  horn, 
and  the  small  cells  of  the  in  termed  io-lateral  tract  According  to  the 
conjectures  already  made  we  should  not  expect  to  find  the  small  cells 
of  the  intermed io-lateral  tract,  i.e.  the  centres  of  katabolic  nerves  of 
the   vascular  and  glandular  systems,   prolonged   beyond   the   antero- 

»  Archivf.  AitaU  u,  Phytiol.  Anal.  Ahlheil.  1S87,  p.  379. 
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lateral  nucleus  in  the  medulla  oblongata.  Of  the  other  two  groups 
the  nerve  cells  of  Clarke's  column  are  most  easily  followed,  owing 
to  their  shape;  they  form  part  of  the  nucleus  of  the  vagus  aud  glosso- 
pharyngeal and  tenuiuate  apparently  in  the  large  group  of  cells  forming 
the  locus  casruleus.  These  latter  cells  as  pictured  in  Henle'  resemble 
most  closely  the  cells  of  Clarke's  column. 

With  respect  to  the  continuation  cranial  wards  of  the  solitary  cells 
of  the  base  of  the  posterior  horn  I  do  not  know  of  any  observations 
which  would  enable  us  to  follow  them  further  than  the  vagus  and 
glosso-pharyugcal  nucleus;  I  have  already  given  my  reasons  for  believ- 
ing that  the  vagus  nucleus  on  the  floor  of  the  4th  ventricle  (see  Fig.  1. 
PL  XVIII)  is  essentially  a  motor  nucleus  giving  origin  to  the  gangli- 
ouated  motor  fibres  of  the  alimentary  tract ;  and  I  feel  that  we  cannot 
at  present  attempt  to  differentiate  in  the  higher  cranial  regions  between 
the  origins  of  the  gjinglionatod  eirorent  anabolic  and  katabolic  nerves 
or  between  the  two  contiguous  groups  of  nerve  cells  which  are  known 
in  the  spinal  cord  as  the  cells  of  Clarke's  column  and  the  solitary 
cells  of  the  posterior  horn  respectively.  It  is,  however,  possible  to  make 
certain  suggestions  for  future  investigations  in  this  direction.  Thus  we 
find  that,  according  to  Henle*,  the  descending  root  of  the  trigeminal 
nerve  consists  at  its  commencement  of  fine  fibres  only ;  soon  however 
Inrgc  fibres  \\\\\  with  tlioin,  which  increase  in  number  as  the  descending 
root  approaches  the  nucleus  of  the  trigeminus,  until  at  last  the  root 
a])i)ears  to  consist  almost  entirely  of  largo  fibres ;  along  the  whole  length 
of  its  course  the  root  is  accompanied  by  large  bladder-shaped  cells  in 
strong  contrast  to  the  pigmented  cells  of  the  locus  cceruleus,  which  latter 
are  situated  in  close  contiguity  to  it.  If  then,  as  is  most  probable,  the 
observations  of  Henle  and  Forel  that  this  descending  root  is  composed 
of  motor  fibres  are  correct,  it  is  possible  that  the  three  groups  of  nerve 
cells  >vliich  give  origin  (I)  to  the  small  (ibres  of  this  root,  (2)  to  the 
large  fibres  of  this  root,  aud  (3)  which  form  the  cells  of  the  locus  cwruleus 
correspond  to  the  three  groups  of  nerve  cells  which  in  the  spinal  region 
give  origin  to  the  splanchnic  ganglionated  and  non-ganglionated  efferent 
fibres  respectively.  The  nerve  cells  of  the  locus  cceruleus,  although 
strongly  pigmented,  are  probably  not  entirely  devoid  of  function,  for 
according  to  Schwalbe'  they  are  not  pigmented  in  children  or  in 
mammalia  generally. 

The  origin  of  the  ganglionated  small-fibred    motor  nerves  of  the 

1  Op.  cit.  p.  256.  »  Op.  cU.  p.  253. 
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sphincter  muscles  of  the  iris  and  of  the  ciliary  muscles  is,  as  far 
as  I  can  find  out,  not  clearly  known;  Hensen  and  Yoelcker's 
expeiiments  seem  to  point  to  an  origin  for  these  nerves  in  front 
of  and  separate  from  the  origin  of  the  nerves  which  supply  the 
striated  muscles  of  the  eye.  Tlie  arrangement  of  the  nerve  fibres  in 
the  rootlets  of  the  Ilird  nerve  at  their  exit  from  the  central  nervous 
system  appears  to  mo  to  suggest  a  separate  origin  for  those  fibres, 
for  certain  of  these  very  fine  rootlets  are  almost  entirely  composed  of 
the  smallest  fibres  to  be  found  in  this  nerve.  This  is  especially  no- 
ticeable in  the  case  of  the  rabbit,  and  is  strongly  suggestive  of  the 
commencement  of  an  intracranial  separation  of  the  small  and  large 
fibres.  We  are  in  fact  ren)indod  here  of  the  same  kind  of  separation  as 
is  seen  clearly  in  the  case  of  the  Vllth  nerve,  where  groups  of  the 
smallest  fibres  mixed  with  a  few  large  ones  separate  out  to  form  the 
n.  intermediua. 

The  origin  of  this  latter  nerve  is  most  interesting  if  the  observations 
of  Sapolini^  are  correct,  for  this  observer  asserts  that  the  n,  intermedins 
arises  as  a  long  ascending  root  of  the  same  character  as  the  ascending 
root  of  the  vagus.  If  this  be  so  we  find  then  here  at  the  border  of  the 
two  groups  of  cranial  nerves  an  ascending  root  composed  largely  of 
splanchnic  ganglionated  efferent  fibres  as  the  companion  of  the  as- 
cending root  of  the  spinal  accessory,  which  is  composed  mainly  of 
splanchnic  non-ganglionated  efferent  fibres. 

The  origin  of  Uie  Afferent  Fibres  of  the  Cranial  Nerves. 

It  is  impossible  to  trace  the  centres  of  origin  of  the  afferent  fibres  in 
the  same  way  as  we  have  been  able  to  do  for  the  efferent  fibres,  and  to 
compare  them  directly  with  the  corresponding  centres  in  the  spinal 
cord,  because  even  in  the  spinal  con!  itself  no  well-defined  groups  of 
nerve  cells  exist  with  which  it  has  been  proved  that  afferent  nerves 
have  connection. 

The  two  main  characteristics  of  the  spinal  afTerent  fibres  are  the 
presence  of  the  ganglion  on  the  posterior  root  and  the  presence  of  the 
substantia  gelatinosa  Eolandi  with  its  scattered  small  cells  in  the 
posterior  horn.  Of  these  two  the  former  has  already  been  considered, 
and  it  has  been  shown  that  the  cranial  nerves  correspond  to  the  spinal 
in  this  respect.  As  far  as  the  substantia  gelatinosa  Rolandi  is  concerned 
this  is  found  in  tlie  cranial  nerves,  as  is  well  known,  only  in  close  con- 

'  Quoted  by  His. 
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nection  with  the  ascending  root  of  the  vth  nerve.  Aa  to  the  degene- 
rated nerve  fibres  of  Qroup  I.  of  the  cranial  nerves  I  have  not  attempted 
at  present  to  trace  them  into  the  central  nervous  system.  I  can  only 
fifty  that  the  nci*vc  cells  of  tlic  substaiUui  nigra  appear  from  their 
position  and  from  the  direction  of  the  long  axis  of  many  of  their  cells  to 
have  been  originally  connected  with  some  of  these  nerve  fibres  belonging 
to  the  Ilird  nerve ;  I  do  not  however  think  that  such  nerve  fibres  were 
afferent,  for  it  is  improbable  that  such  a  group  of  nerve  cells  as  we  find 
forming  the  siibntaiUia  nigra  should  give  origin  to  aflFercnt  nerve  fibres. 
As,  however,  I  pn)|H\sc  t4)  discuss  the  meaning  of  the  cells  of  the  sub- 
stantia nigra  later  on  I  will  not  dwell  further  on  this  question  here. 

The  afferent  nerves  of  Qroup  II.  are  most  interesting  in  their 
distribution  in  the  central  nervous  system,  for  not  only  are  they 
distinctly  separated  into  somatic  and  splanchnic  groups  but  also  both 
grou])s  arise  from  the  ccrvicjil  region  of  the  spinal  cord  as  well  as  from 
the  medulla  oblongata.  Thus  all  the  sensory  nerves  of  V  forming  the 
somatic  afferent  nerves  arise  from  the  ascending  root  of  V,  a  bundle  of 
fibres  which  has  been  traced  as  far  as  the  middle  of  the  cervical  region ; 
so  also  the  ascending  root  of  X  or  fasciculus  solitarius  or  respira- 
tory bundle  formed  by  fibres  of  the  IXth  and  Xth  nerves  is  afferent 
in  function,  and,  as  has  been  already  pointed  out,  contains  if  His  is 
right  all  or  nearly  all  of  the  afferent  fibres  of  the  latter  nerve.  This 
bundle  of  fibres  has  not  been  proved  to  arise  from  any  groups  of  nerve 
cells  in  the  medulla  oblongata  and  has  been  traced  into  the  spinal  cord 
as  far  as  the  origin  of  the  phrenic  nerves. 

Further,  according  to  His^  these  afferent  ascending  roots  of  both 
the  trigeminal  and  vagus  nerves  are  in  an  embryo  of  4^  weeks  old 
quite  superficial  in  position ;  so  that  we  have  evidence  of  a  series  of 
ascending  roots  in  the  cervical  region  of  the  cord  of  the  same  type  as 
the  spinal  accessory.  Including  the  spinal  accessory  itself  these  ascend- 
ing roots  respectively  consist  of  (1)  somatic  afferent  fibres,  ie.  the 
ascending  root  of  the  trigeminal;  (2)  splanchnic  afferent  fibres,  i.e. 
the  ascending  root  of  the  vagus;  (3)  splanchnic  non-ganglionated  efferent 
fibres,  ie.  the  cervical  portion  of  the  spinal  accessory ;  (4)  splanchnic 
ganglionated  efferent  fibres,  i,0.  the  n.  interviedius.  These  form  in 
£act  a  series  of  roots  arising  from  spinal  as  w^l  as  cranial  regions, 
which  taken  together  contain  all  the  elements  of  a  complete  segmental 
nerve  or  group  of  nerves  with  the  exception  of  the  somatic  efferent 

>  Op,  ciU  p.  374. 
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iibrea  Although  these  latter  fibres  do  not  form  an  ascending  root  yet 
they  evidently  are  not  missing  from  this  system,  for  the  whole  argument 
of  Qegenbauer,  as  already  pointed  out,  goes  to  show  that  the  hypo- 
glossal nerve  may  be  looked  upon  as  the  remnant  of  a  system  of  somatic 
efferent  roots  whieh  were  spinal  as  well  as  cranial. 

Summary. 

In  order  to  put  clearly  before  my  readers  the  results  of  the  previous 
pages,  I  have  endeavoured  in  PI.  XVIII  to  express  in  the  form  of 
diagrams  the  views  therein  expressed.  In  Fig.  1,  PI.  XVIII,  I  have 
copied  a  section  of  the  medulla  oblongata  from  Kdingor',  and  on  the 
one  half  of  the  section  I  have  lettered  the  groups  of  nerve  cells  A,  B,  C, 
D,  E,  to  correspond  with  the  lettering  of  the  section  of  the  spinal  cord 
given  in  Fig.  1,  p.  155.  In  both  cases  the  letters  have  the  same 
signification  viz. 

A  (Cells  of  ant.  horn) 

=  nucleus  of  efferent  nei*vos  to  somatic  muscles. 
B  (Large  cells  of  lat.  horn) 

s  nucleus  of  efferent  nerves  to  striated  splanchnic  muscles. 
C  (Cells  of  Clarke's  col.) 

s=  nucleus  of  anabolic  (inhibitory)  nerves  to  splanchnic  glandular 
system  and  to  muscles  of  viscera  and  of  vascular  system. 
D  (Solitary  cells  of  post,  horn) 

s  nucleus  of  motor  nerves  to  muscles  of  viscera. 
B  (Small  cells  of  lat  horn) 

s  nucleus  of  katabolic  (motor)  nerves  to  splanchnic  glandular  system 
and  to  muscles  of  vascular  system. 

On  the  other  half  of  the  figure,  I  have  lettered  the  groups  of  cells 
in  the  same  way  as  Edinger  has  done  and  in  addition  have  coloured 
the  different  groups  of  motor  cells  red,  yellow,  and  green  and  the  two 
tracts  of  sensory  fibres  blue  and  purple ;  the  signification  of  the  colours 
is  as  follows : — 

Red  (nucleus  of  XII) »  somatic  efferent 

Green  (so-called  motor  nucleus  of    X,  ^.)  a  splanchnic  non-ganglinn- 

ated  efferent 
Yellow  (part  of  nucleus  of  X  and  XI)  «  splanchnic  ganglionated  efferent. 
Blue  (ascending  root  of  X)  =  splanchnic  afferent 
Purple  (ascending  root  of  V)  =  somatic  afferent. 

1  Dau  der  fifrvdf «n  Ceniralorgane^  Leipzig,  1885,  p.  118. 
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On  the  same  plate.  Fig.  2,  I  have  made  an  attempt  to  express 
diagrammatically  the  fonnation  of  the  two  great  groups  of  cranial 
nerves  and  to  indicate  the  arrangement  of  the  different  segments.  For 
this  purpose  I  have  not  attempted  to  give  an  accurate  representation 
of  any  particular  brain,  but  only  to  indicate  by  means  of  different 
colours  the  main  peculiarities  of  the  segmental  cranial  nerves.  The 
colours  have  the  same  meaning  as  given  above,  and  in  addition  I  have 
marked  out  the  degenerated  ganglia  of  the  1st  group  of  cranial  nerves 
with  black  lines.  The  outline  of  tho  brain  itself  and  the  arrangement 
of  its  cavity  is  drawn  from  a  longitudinal  section  of  the  brain  of  a  young 
dog-fish  and  is  represented  somewhat  diagrammatically  for  the  purpose 
of  illustrating  Part  II  of  this  paper.  Thus  the  cerebellum  and  optic 
lobes  are  not  intended  to  be  accurate  in  size  but  are  put  in  simply  for 
the  purpose  of  indicating  their  position.  For  the  purpose  of  com- 
parison with  the  cranial  nerves  I  have  drawn  and  coloured  two  typical 
segmental  spinal  nerves  from  the  thoracic  region  as  the  continuation  of 
the  same  diagram. 

I  conclude  then  that  the  cranial  nerves,  with  the  exception  of  the 
opticy  olfactory  and  auditory,  are  formed  from  a  series  of  segmental 
nerves  of  the  same  type  as  in  the  spinal  region,  but  have  been  modified 
so  as  to  form  two  distinct  great  groups,  of  which  Group  I  consists  of  at 
least  four  complete  segmental  nerves  each  of  which  has  lost  certain 
coui]3onouts  owing  to  the  loss  of  tho  parts  which  they  originally 
supplied;  these  nerves  are — 1st  segment,  oculomotor;  2nd  segment, 
trochlear ;  3rd  segment,  motor  part  of  trigeminal  with  abducens ;  4th 
s^ment,  facial. 

Group  IL  consists  of  at  least  five  complete  segmental  nerves  which  are 
both  cranial  and  spinal  in  origin.  The  characteristic  of  this  group  is  not 
the  loss  of  any  particular  component  but  the  splitting  up  of  the  different 
conipononLs  to  form  the  separate  nerves  known  as  tho  vagus,  gloaso- 
pharyngeal,  hypoglossal,  spinal  accessory  nerves,  together  with  the 
sensory  part  of  the  trigeminal ;  and  a  further  characteristic  of  this  group 
is  the  remarkable  and  extensive  peripheral  distribution  of  its  nerves,  a 
distribution  which  is  partly  at  all  events  for  the  purpose  of  replacing  the 
lost  elements  of  Group  I. 

In  order  then  to  understand  the  present  arrangement  of  the 
vertebrate  nervous  system  some  explanation  must  be  found  for  the 
fonnation  of  these  two  characteristic  groups.  I  propose  then  in  the 
second  part  of  this  paper  to  put  forward  what  seems  to  me  a  probable 
explanation  of  the  peculiarities  of  Group  I.  of  the  cranial  nerves. 
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PART  II. 

A  THEORY  OF  THE  ORIGIN  OP  THE  CENTRAL  NERVOUS  SYSTEM  OF 
VERTEBRATES,  TO  EXPLAIN  THE  BKQKNERATION  ORSKRVKD  IN  THE 
FOREMOST  GROUP  OF  CRANIAL  NERVES. 

The  central  nervous  system  of  the  vertebrate  considered  anatomically 
and  morphologically  suggests  two  modes  of  origin  which  are  apparently 
antagonistic  to  each  other.  On  the  one  hand  the  segmental  arrangement 
of  the  nerves,  the  evidence  that  not  only  the  nerves  hnt  altw)  the  gron|>s 
of  nerve-cells  from  which  these  nerves  arise  are  arranged  not  in  a 
continuous  chain  but  metamerically,  point  directly  to  the  conclusion  that 
the  nervous  tissue  of  the  animal  from  which  the  vertebrates  took  their 
origin  was  arranged  in  a  distinctly  segmental  manner.  On  the  other 
hand,  the  embryological  evidence  of  the  formation  of  the  central  nervous 

r  • 

system,  as  the  folding  over  of  the  medullary  plate  so  as  to  form  a  simple 
tube,  gives  no  evidence  in  favour  of  any  origin  from  a  primitive 
segmentally  arranged  nervous  system.  Any  theory  then  of  the  origin 
of  the  nervous  system  must  take  into  account  not  only  its  segmental 
arrangement  but  also  its  tubular  formation. 

In  all  the  more  recent  text-books  of  human  anatomy  and  physiology 
great  stress  is  laid  on  the  anatomical  and  physiological  metamerism 
of  the  spinal  cord,  and  as  is  seen  in  Sch  walbe,  p.  «351,  evidence  exists  to 
show  that  the  ganglion  cell  groups  of  the  cord  are  arranged  raeta- 
merically. 

He  quotes  Schiefferdecker,  who  has  shown  that  longitudinal 
sections  in  the  lumbar  region  of  the  dog  show  that  the  ganglion  cells  of 
the  median  and  lateral  groups  of  the  anterior  horn  are  an-anged  after  the 
fashion  of  a  rosary  in  such  manner  that  the  broad  parts,  where  the 
ganglion  colls  arc  thickest,  cori'cspond  to  the  places  of  exit  of  the 
corresponding  anterior  roots. 

He  points  out  also  that  Freud  has  noticed  that  the  posterior  cells  in 
the  lamprey  (Hinterzellen),  which  are  supposed  by  him  to  give  origin 
to  sensory  fibres  (see  p.  157),  are  arranged  in  distinct  groups  separated 
by  considerable  distances  from  each  other;  and  that  Stieda  noticed 
the  number  of  nerve  cells  was  very  variable  in  sections  of  the  spinal 
cord  of  the  eel,  many  sections  being  free  from  nerve  cells.  Schwalbo 
concludes  that  the  evidence  points  to  the  origin  of  the  spinal  cord  from 
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a  bilateral  chaia  of  ganglia  connected  together  by  means  of  transverse 
and  longitudinal  commissures. 

This  conclusion  is  strongly  confirmed  by  the  evidence  given  by  the 
origin  of  the  cranial  nerves.  For  in  the  case  of  the  segmental  cranial 
nerves,  which  I  have  already  shown  are  built  up  on  the  same  plan  as 
the  spinal  nerves,  it  is  clear  that  the  different  groups  of  cells  from 
which  they  arise  are  arranged  segmentally.  Nothing  can  be  more  evident 
than  the  groups  of  cells  which  give  rise  to  the  somatic  motor  nerves  of 
the  Ilird,  Vlth  and  Xllth  nerves,  in  fact  the  very  expressions  used  to 
describe  these  grou[)s  as  nuclei  of  the  different  cranial  nerves  shows 
how  clesurly  the  discontinuous  character  of  the  cell  groups  of  this  the 
meet  primitive  part  of  the  nervous  system  has  been  recognised. 

The  clearest  case  of  segmentation  in  the  cord  which  I  have 
come  across  is  found  in  the  Sauropsida,  for  both  in  crocodiles  and  birds 
at  the  very  surface  of  the  lateral  region  of  the  cord  a  group  of  nerve 
cells  exists  which  is  as  strictly  metameric  as  the  ganglion  cells  on 
the  posterior  roots  of  the  spinal  nerves.  I  have  described  this  lateral 
group  of  cells  in  the  cord  of  the  crocodile  in  a  former  paper^ ;  and  Fig. 
5,  PL  XIX  illustrates  their  situation  in  the  cord  of  the  chick. 

As  far  then  as  that  part  of  the  central  nervous  system  is  concerned 
which  is  connected  with  the  spinal  and  cranial  segmental  nerves,  we  may 
I  think  without  hesitation  consider  it  as  formed  by  a  bilateral  chain  of 
ganglia  which  give  origin  to  a  scries  of  scginontal  nerves  and  are  bound 
together  by  connecting  fibres  both  transversely  and  longitudinally.  This 
forms  one  uniform  system  both  anatomically  and  physiologically:  a 
system  the  members  of  which,  to  use  Hughlings  Jackson's  phrase, 
we  may  speak  of  as  being  on  the  same  level ;  in  addition  this  system  is 
connected  by  another  set  of  fibres — fibres  spoken  of  by  Hughlings 
Jackson  as  extrinsic  to  this  level — to  a  nervous  system  of  a  different 
character,  of  higher  function,  that  connection  being  recognised  by  the 
name  of  the  pyramidal  tracts,  direct  cerebellar  tracts  &c.  This  nervous 
system  of  higher  function  is  not  represented  in  the  spinal  cord  and 
does  not  give  origin  to  any  outgoing  nerves  except  such  nerves  of  special 
sense  as  the  optic  and  olfactory  nerves. 

If  then  we  fix  our  attention  exclusively  upon  the  nervous 
elements  of  the  central  nervous  system,  we  can  describe  it  as 
a  system  composed  of  a  bilateral  chain  of  ganglia  connected 
together  by  means  of  longitudinal  and  transverse  commissures, 

'  Vroc,  VhysioL  Hoc.  Dcjc.  12,  1886.    Thia  Journ,  Vol.  vii. 


192  TF.  n.  G  A  SKULL. 

which  gives  origin  to  a  series  of  segmental  nerves  and  is  con- 
nected by  means  of  well-defined  commissural  tracts  with 
another  nervous  system  of  higher  function  which  gives  origin 
to  no  outgoing  nerves  except  such  nerves  of  special  sense  as 
the  optic  and  olfactory  nerves. 

In  addition  however  to  the  nervous  elements  the  spinal  cord  and 
its  extension  cranial-wards  contains  an  elaborate  system  of  non-nervous 
structures,  viz.  the  supporting  structures  of  the  cord,  and  it  is  here  that 
the  significance  of  the  embryological  formation  of  the  central  nervous 
system  comes  prominently  forward.  If  we  suppose  all  the  nerve  cells, 
nerve  fibres  and  blood  vessels  of  the  spinal  cord  to  be  removed  we 
should  still  have  Icilb  a  tube  composed  of  the  supporting  structures 
of  the  spinal  cord  and  lined  by  the  epithelium  of  the  central  canal. 
In  the  adult  this  tube  would  form  a  meshwork  with  nuclei  imbedded 
here  and  there,  the  meshes  and  nuclei  becoming  closer  in  the  regions  of 
the  substantia  gelatinosa  centralis  and  Rolandi,  until  at  the  central 
canal  the  network  becomes  compact  and  forms  the  epithelial  lining  of 
that  canal.  The  formation  of  this  meshwork  has  l)een  well  described 
by  His',  who  points  out  that  it  is  formed  by  the  inodificalion  of  layers 
of  epithelial  cells  of  the  same  kind  as  those  lining  the  central  caual. 
The  protoplasm  surrounding  the  nucleus  of  the  original  cell  thins  out 
and  elongates,  forming  long  threads  connecting  together  the  nuclei 
which  are  now  nearly  denuded  of  their  surrounding  protoplasm.  In 
Fig.  1,  PI,  XIX  I  reproduce  His'  figure,  which  shows  clearly  the 
formation  of  this  meshwork,  to  which  he  gives  the  name  of  myelo- 
spongium. 

I  also  (Fig.  2,  PI.  XIX)  give  a  drawing  of  a  |>ortion  of  the  sub- 
stance lining  the  central  canal  in  the  neighbourhood  of  the  iufundibulum 
of  a  puppy,  in  which  the  limbs  were  fully  formed  and  the  groups  of 
nerve  cells  in  the  cranial  and  spinal  regions  were  well  defined.  It  shows 
clearly  the  formation  of  the  stibstantia  gelatinosa  centralis  from  the 
original  layers  of  epithelial  cells. 

Again,  Corning*  has  pointed  out  how  the  peculiarities  of  the 
svhstantia  gelatinosa  Rolandi  are  due  to  the  persistence  in  this  position 
of  a  concentrated  and  comparatively  unaltered  portion  of  the  original 
embryonic  cell  formation. 

Clearly  then  the  folding  over  of  the  medullary  plate  gives 
origin  not  merely  to  nervous  material  but  also  to  a  tube   of 

1  Op.  cit, 
■  Archivf.  mikroscop,  Anat.  Vol.  xxxi. 
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supporting  tissue  which  was  originally  formed  of  compact 
layers  of*epithelial  cells  arranged  symmetrically  around  the 
central  canal. 

In  the  course  of  development  this  compact  tube  becomes  broken 
up  into  a  loose  meshwork  by  the  invasion,  increase  and  growth  of  the 
nervous  elements. 

What  is  the  connection  between  these  two  structures?  If  I  under- 
stand rightly  the  view  which  has  been  held  by  many  embryologists,  it  is 
that  all  the  cells  of  the  embryonic  tube  formed  by  the  folding  over  of 
the  medullary  plate  arc  capable  of  being  converted  into  nervous  tissuo, 
that  therefore  in  the  non-nervous  parts  of  this  tube  we  have  structures 
which  are  potentially  nervous,  the  cells  remaining  in  the  embryonic 
condition  although  of  exactly  the  same  nature  as  those  which  have 
become  nervous  material. 

The  view  which  seems  to  me  the  correct  one  is  that  in  the  embryo- 
logical  developmoDt  of  the  central  nervous  system  we  are  observing  the 
sininltancous  development  of  two  different  organs,  the  one  the  nervous 
system,  and  the  other  the  tube  of  supporting  tissue  the  formation  of 
which  is  not  necessarily  involved  with  that  of  the  nervous  system.  In 
certain  parts  of  the  central  nervous  system  the  sole  structure  formed  by 
the  folding  over  of  the  medullary  plate  is  the  supporting  tube  which  is 
not  nervous  and  never  was  nervous,  while  in  other  parts  the  simul- 
tfincous  formation  of  ueiTous  material  with  that  of  the  supporting  tube 
has  so  complicated  the  problem  that  it  is  difficult  to  decide  which  of  the 
embryonic  cells  form  supporting  structure  and  which  nervous  material. 

The  evidence  both  ontogenetical  and  phylogeuetical  appears  to  me 
to  lead  to  the  conclusion  that  the  central  nervous  system  of  the  higher 
vertebrates  has  been  formed  by  the  spreading  and  increase  of  nervous 
material  over  the  walls  of  an  original  non-nervous  tube  the  cellular 
elements  of  which  tube,  whatever  may  have  been  its  original  function, 
have  been  utilised  as  supporting  structures  for  the  nervous  elements  in 
those  parts  where  the  latter  have  invaded  its  walls ;  while  in  other  parts 
where  no  such  invasion  has  taken  place  the  walls  of  the  tube  have 
retained  their  primitive  simple  cellular  structure  or  have  undergone 
g(.'lati  nous  dogcncration. 

To  take  first  the  phylogenetic  evidence ;  the  striking  characteristic 
of  the  evolution  of  the  vertebrate  central  nervous  system  is  the  increase 
in  amount  and  complexity  of  that  part  of  the  system  which  forms  the 
brain,  so  that  in  the  evolution  of  this  part  of  the  nervous  system 
especially  we  may  expect  to  find  evidence  which  will  enable  us  to  decide 
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whether  that  increase  of  nervous  material  has  taken  place  by  the 
continual  growth  of  nervous  matter  over  an  original  non-nervous 
substratum,  or  whether  all  parts  of  it  were  originally  composea  of 
nervous  material  which  has  thinned  down  in  places  and  become  non- 
nervous. 

The  comparison  of  the  brain  of  the  lowest  vertebrate,  S!ich  as  Petro- 
myzon  especially  in  its  AmmocoDte  form,  with  that  of  a  mammal  shows  how 
striking  in  these  two  cases  is  the  difference  in  the  extent  of  the  nervous 
masses  situated  on  the  dorsal  side  of  the  brain  tube.  In  the  former 
the  whole  of  the  dorsal  wall  is  composed  of  a  non-nei*vous  membranous 
bag  which  if  expanded  would  be  of  considerable  size,  but  which  by  being 
thrown  into  a  complicated  system  of  folds  forms  tho  scries  of  choroidal 
plexuses  described  by  Ahlborn^  and  other  writers  and  gives  to  this 
brain  so  characteristic  and  puzzling  an  appearance.  This  non-nervous 
roof  to  the  brain  of  the  lamprey  is  interrupted  by  nervous  matter  in  two 
places  corresponding  to  the  two  places  where  the  two  original  con- 
strictions in  the  brain  tube  took  place  by  which  the  three  cerebral  vesicles 
are  formed,  viz.  a  small  band  of  nervous  matter  which  according  to 
Ahlborn  is  the  commencement  of  cerebellum  and  optic  lobes  and 
another  in  the  region  of  the  posterior  commissure  funning  the  ganglia 
habenulse  and  optic  thalami. 

On  the  other  hand  in  the  mammal  we  have  the  large  masses  of  the 
cerebellum,  corpora  quadrigemina,  and  optic  thalami  roofing  over  the 
brain  tube,  so  that  nothing  is  left  of  the  original  membranous  roof  except 
the  thin  roof  of  tho  4th  ventricle,  the  remains  of  the  non-nervous  choroid 
plcx\iscs  being  enclosed  in  the  4th,  .Srd  and  lateral  ventricles. 

In  the  Khismobnuich,  as  for  instance  the  dog-fish,  wo  find  again  that 
parts  of  the  walls  of  the  bridn  tube  are  conspicuously  membranous  in 
character;  thus  we  find  in  the  infundibular  region  a  membranous  sac 
known  as  the  saccus  vasctdosits,  the  membranous  roof  of  the  4th  ventricle 
is  more  extensive  than  in  the  mammal,  the  choroid  plexuses  are  very 
conspicuous  as  is  shown  in  the  diagram  Fig.  2,  PI.  XVI  FT.,  and  what  is 
especially  instructive,  we  find  here  on  each  side  of  the  central  cerebellar 
mass  or  worm  a  lateral  membranous  bag  continuous  with  the  roof  of  the 
4th  ventricle,  the  ventral  surface  of  which  forms  the  lining  membrane  of 
the  two  masses  of  nervous  tissue  often  called  the  corpora  restiformia 
but  which  G.  Fritsch*  calls  the  fimbrice  and  recognises  as  the  com- 
mencing formation  of  the  cerebellar  hemispheres. 

1  Zeit,f»  wiuent.  Zool,  Vol.  xxxn.  p.  191. 
s  Ban  det  Fi»ehgehim»,  Berlin,  1878. 
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In  Fig.  8,  PI.  XIX  I  give  a  dorsal  view  of  the  medulla  oblongata 
and  cerebellum  of  a  large  dog-fish  to  show  the  thin  membranous  roof  of 
the  4th  ventricle  and  its  continuation  into  the  two  membranous  lateral 
bags  which  overlie  the  fimbriae.  In  Fig.  7,  PL  XIX  I  give  the  appear- 
ance of  a  trans verae  section  through  one  of  the  fimbria}  with  its  overlying 
membranous  roof,  to  show  how  the  epithelial  lining  of  that  roof  does  not 
follow  the  course  of  the  pia  mater,  but  passes  into,  blends  with,  and  forms 
the  lining  of  the  nervous  matter  of  the  fimbria  itself;  as  is  also  seen, 
proliferation  of  tlicso  epithelial  colls  api)oai*s  to  take  phico  whore  the 
mcnibranoiis  bag  comes  into  close  relation  witii  tlic  nervous  substance. 

I  will  not  go  further  into  a  detailed  description  here  of  the  manner 
in  which  in  the  lowest  vertebrates  this  membranous  non-nervous  tube 
has  been  folded  and  compressed  in  the  cranial  region  by  the  growth  of 
the  nervous  material  within  and  around  its  walls,  but  will  leave  that  to 
bo  dealt  with  in  a  subse<iucnt  paper  upon  the  central  nervous  system 
of  the  Ammocoete,  in  which  I  intend  to  show  how  the  study  of  the 
lowest  vertebrate  nervous  system  confirms  and  strengthens  the  con- 
clusions to  which  the  study  of  the  highest  vertebrate  nervous  system 
has  led  me. 

I  can  see  no  evidence  to  show  that  the  thin  membranous  portions  of 
the  roof  of  the  brain  are  the  thinned  down  remnants  of  some  pre- 
existing nervous  material,  and  I  cannot  conceive  that  a  non-nervous 
epithelial  bag  should  be  formed  in  the  lower  vertebrntcs  only  for  the 
]nir|)ORc  of  being  converted  into  nervous  material  as  the  animal  rose 
in  the  scale  of  evolution.  The  reasonable  explanation  therefore  appears 
to  me  to  be  what  I  have  already  suggested,  viz.  that  the  nervous 
material  of  the  vertebrate  central  nervous  system  is  situated 
in  definite  places  outside  but  in  close  contact  with  the  walls 
of  a  pre-existing  non-nervous  tube,  and  that  the  elements 
of  this  non-nervous  tube,  which  is  formed  by  the  folding 
over  of  the  medullary  plate,  become  utilised  as  the  supporting 
tissue  or  myelo-spongium  wherever  the  nervous  matter  comes 
in  contact  with  it. 

Again  the  evidence  of  embryology  appears  to  me  to  point  to  the 
ssime  conclusion,  for  we  find  that  in  all  classes  of  vertebrates  the 
nervous  matter,  both  nerve  cells  and  nerve  fibres,  makes  its  appear- 
ance first  on  the  ventral  side  of  the  original  tube,  so  that,  as  is  seen  in 
Fig.  2,  reproduced  from  Ko Hiker,  in  the  cervical  region  of  the  spinal 
cord  of  a  rabbit  14  days  old  the  dorsal  portion  of  the  walls  of  the 
original  central  canal  still  retains   its  original  character  and  has  not 
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been  inraded  by  nervous  material ;  the  aame  thing  is  seen  in  Fig.  3, 
representing  a  section  through  the  4th  ventricle  of  the  embryo  of 
the  sheep.  In  the  first  case,  by  the  invasion  of  nervous  tissue,  the 
dorsal  portion  of  the  original  canal  is  subsequently  converi^ed  into  the 


Fio.  3.  SeotioQ  of  Bpinal  coid  from  cervioKl  regioii  of  embiyo  of  rabbit  (14  dsja  old). 
(From  KnllikcF). 

la  KOlliker'i  description  tbe  lettera  in  Iba  fiflurefl  have  the  fallowing  meaniDgB. 
t.c.  oentral  oanal,  a.  and  p.  anterior  and  poaterior  oolnmns  reBpeelirely,  Ta.  »nd  rp. 
anterior  and  posterior  roots,  ga.  and  gp.  motor  and  sioiBorj  grey  nDclei  respeotively, 
e.  anterior  oommissare,  e.  apparent  epithelium  ot  the  central  canal. 

posterior  fissure,  the  wulla  of  the   canal  forming  CRpcciiilly  the   sub- 
stantia gclatinosa  centralis  and  Rnlanili ;  in  the  second  ciiao  tlioy  rciiinin 


Fia.  S.  Section  of  the  brain  of  a  sheep  embryo  (15  mm.  lonfl)  (hroneh  the  4th 
Tentriole.  (From  KHllikor).  d.  thin  roof  of  4th  venlriclo,  g.  4th  ventriolo,  j>.  vrliiUi  fibres 
ot  pyramid  (7),  gr.  gan(;lion-<!dl  mssacfl  on  the  floor  ot  Uio  Itli  vcutriclu. 

as  modified  epithelial  structures  to  form  the  membranous  roof  of  the 
4tb  ventricle. 
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The  same  method  of  formatioDi  with  the  same  structure^  is  found  in 
the  membranous  portions  of  the  brain  already  spoken  of,  such  as  the 
infundibular  sacs  of  the  skate  and  the  membranous  enclosures  of  the 
(itnbrias  of  the  dog-fish,  and  the  comparison  of  Fig.  3,  PI.  XIX,  which 
represents  a  section  through  a  part  of  the  saccus  vasculosus  of  the  skate, 
with  Fig.  1  on  the  same  Plate,  shows  that  the  membranous  structure 
formed  is  in  all  cases  the  same  in  character  as  the  myelo-spongium 
described  by  His,  which  was,  as  we  have  seen,  formed  from  the  walls 
of  the  same  embryonic  tube.  Especially  instructive  is  the  evidence 
givcu  by  the  foniiutiou  of  tlio  rlioiuboidal  sinus  in  birds. 

At  first  the  embryonic  tube  is  formed  in  the  same  manner  in  this 
part  of  the  nervous  system  as  in  other  places,  so  that  KoUiker's  picture 
of  the  cord  of  the  rabbit.  Fig.  4,  PI.  XIX,  may  bo  used  to  illustrate 
the  original  relation  between  the  nervous  and  non-nervous  parts  of  the 
tube  here  as  elsewhere.  At  a  later  stage  we  sec  as  represented  in 
Fig.  5,  PI.  XIX,  that  the  white  matter  of  the  cord  remains  separated 
in  the  dorsal  region  by  the  original  layers  of  embryonic  cells;  the: 
result  being  that  in  the  course  of  growth  this  mass  of  embryonic  tissue^ 
which  is  not  invaded  by  nervous  elements  forms  a  wedge-shaped  mass 
in  between  the  nervous  elements  on  each  side. 

This  tissue  is  at  first  composed  of  the  same  kind  of  epithelial  cells 
as  those  forming  the  lining  of  the  central  canal,  each  cell  possessing 
a  well-defined  nucleus  in  the  midst  of  its  protoplasmic  contents  so  that 
at  a  period  (about  eight  days)  when  the  nerve  cell  groups  of  the 
anterior  horn,  the  white  matter  of  the  cord  and  the  central  canal  arc  all 
well  formed,  the  appearance  of  a  section  through  this  region  is  as  given 
in  Fig.  5,  PL  XIX*  Later  on  a  peculiar  degeneration  takes  place  in 
these  cells,  which  consists  in  the  formation  of  a  large  quantity  of 
gelatinous  material  which  apparently,  just  as  the  fat  globules  in  a 
fat  cell,  push  the  nucleus  and  the  remainder  of  the  protoplasm  of  the 
cell  to  one  side,  so  as  to  give  the  appearance  of  a  nucleated  mesh-work, 
the  interspaces  of  which  are  filled  up  with  gelatinous  material.  This  is 
represented  in  Fig.  6,  PL  XIX.  At  the  same  time  in  consequence  of 
the  large  amount  of  gelatinous  material,  this  wedge-shaped  altered 
portion  of  the  dorsal  wall  of  the  original  tube  presents  the  appearance 
in  the  adult  bird  of  a  jelly-like  mass  lying  upon  the  spinal  cord  in  this 
region. 

Here  it  seems  to  me  we  see  the  formation  of  a  modified  form  of  the 
royelo-spongium  of  His,  which  on  the  one  hand  has  not  formed  a  sup- 
porting structure  for  nervous  tissues  because  it  has  not  been  invaded  by 
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nervous  elements,  and  on  the  other  hand  for  some  reason  or  other  has 
not  thinned  down  like  the  corresponding  structures  in  the  cranial  region, 
but  on  the  contrary  has  increased  in  thickness  and  undergone  gelatinous 
degeneration. 

The  difference  between  this  part  of  the  nervous  system  as  seen  in 
birds  and  that  seen  in  other  vertebrates  is  clearly  not  duo  to  atrophy  in 
the  case  of  the  former  of  any  special  nerve  tissues  which  arc  developed 
in  the  latter,  for  birds  are  supplied  in  the  lumbar  just  as  much  as  in 
other  spinal  regions  with  the  same  nerve  structures,  possessing  the  same 
functions,  as  other  warm-blooded  animals.  There  is  no  evidence  here  of 
any  loss  of  nervous  mechanism,  but  only  a  difference  of  arrangement  of 
the  nervous  material  in  consequence  of  which  the  dorsal  wall  of  the 
original  tube  has  been  left  free  from  the  admixture  of  nervous  matter, 
and  having  lost  its  original  function  has  undergone  gelatinous  degenera- 
tion. 

The  whole  evidence  then,  embryological  as  well  as  phylogenetical, 
appears  to  me  to  point  to  the  conclusion  that  the  spinal  cord  is  formcul 
of  a  non-nervous  tube,  the  walls  of  which  have  become  invaded  with 
nervous  material. 

Again,  the  embryological  evidence  of  the  order  in  which  this  ner- 
vous material  makes  its  appearance  is  very  striking  and  very  sug- 
gestive. 

According  to  the  account  given  by  Balfour,  the  white  matter  appears 
first  in  Elasmobranchs  as  a  layer  on  the  ventral  and  lateral  parts  of  the 
spinal  cord,  but  does  not  extend  to  the  dorsal  surface ;  at  the  same 
time  the  anterior  white  commissure  is  formed.  About  the  same 
time  two  large  bilateral  ventral  masses  of  nerve  cells  appear  which 
are  formed  on  the  outer  anterior  part  of  the  original  thick  walled 
tube  as  seen  in  Fig.  4,  PL  XIX,  so  that  at  this  time,  before  the 
dorsal  coalescence  of  the  walls  of  the  canal  to  form  the  posterior  fissure, 
the  nervous  elements  are  represented  by  a  series  of  symmetrically 
situated  bilateral  ganglion  masses  connected  together  by  longitudinal 
and  transverse  commissures,  the  whole  being  situated  within  the  walls 
of,  but  ventrally  to,  the  non-nervous  tube  already  spoken  of.  With  the 
formation  of  the  posterior  fissure  the  nervous  material  spreads  round  to 
the  dorsal  side  of  the  tube,  and  finally  the  chief  evidence  of  the  original 
tube  is  to  be  found  in  the  peculiar  structure  of  the  sxibstantia  gelatinosa 
centralis  and  Rolandi. 

The  difficulty  of  deciding  which  of  the  elements  of  the  original 
embryonic  tube  will  form  nervous  material  and  which  will  form  sup- 
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porting  structure  consists  in  tlie  absence  of  any  histological  means  of 
discriminating  between  the  two  structures  at  an  early  time  of  develop- 
ment: much  has  been  written  about  the  first  development  of  nerve 
cells  and  nerve  fibres  in  the  spinal  cord,  but  I  doubt  very  much  whether 
we  can  go  much  further  than  the  observations  of  Hi8\  viz.  (1)  that  all 
the  cells  of  the  embryonic  tube  do  not  form  nervous  material;  (2)  that  all 
the  motor  nerve  fibres  arise  as  prolongations  of  the  motor  nerve  cells ; 
and  (3)  that  the  motor  nerve  cells  as  soon  as  they  can  be  recognised  are 
always  situated  in  a  perfectly  definite  place  in  the  embryonic  tube,  viz. 
in  the  outer  jKirt  of  the  tube  (MauLolschicht)  and  not  in  the  initer  part 
(Innenschicht). 

Up  to  this  point  I  would  submit  the  following  possible  explana*: 
tion  of  the  ancestral  history  of  the  spinal  cord. 

It  was  originally  composed  of  a  bilateral  chain  of  ganglia, 
situated  ventrally  to  a  non-nervous  tube,  the  parts  of  each 
chain  being  connected  together  by  commissures  also  situated 
ventrally  to  this  tube.  By  the  increase  and  spreading  round 
of  the  nerve  cells  and  nerve  fibres  to  the  dorsal  side  the 
original  tube  was  so  invaded  with  nervous  elements  as  to 
have  lost  its  original  character  and  become  the  supporting 
structure  of  the  spinal  cord;  leaving  as  the  most  marked 
indication  of  its  original  character  the  epithelial  lining  of  the 
central  canal  and  the  peculiar  structure  of  the  substantia 
gelatinosa  centralis. 

Tail  wards  this  tube  emerges  free  from  its  encasing  mass  of  nervous 
matter  as  the  neurenteric  canal  and  its  walls  are  continuous  with  those 
of  the  alimentary  canaL  Headwards  this  tube  passes  into  the  3rd 
ventricle  and  has  apparently  no  anterior  opening. 

In  the  cranial  region  the  formation  of  the  original  tube  by  the 
folding  over  of  the  medullary  plate  is  of  the  same  character  as  in  the 
spinal  region,  the  main  difiference  being  the  larger  size  of  the  cavity 
formed.  The  cavity,  as  in  the  spinal  region,  is  throughout  lined  with  the 
epithelium  of  the  central  canal  and  the  substantia  gelatinosa  centralis  is 
formed  in  the  same  way  as  in  the  spinal  region.  We  see  then  in  the 
cranial  region  that  the  tube  of  supporting  tissue  exists  of  the  same 
character  and  formed  in  the  same  way  as  in  the  spinal  region. 

What  then  about  the  nervous  elements,  are  they  the  same  here  as  in 
the  region  of  the  spinal  cord  ?    To  my  mind  clearly  not.     In  this  part 

'  Anat,  Ameig.  1888,  p.  499. 
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of  the  nervous  system  we  fiod,  as  already  pointed  out,  both  physiologi- 
cally and  structurally,  two  different  nerve  systems  bound  together.  On 
the  one  hand  the  continuation  of  the  metaraeric  groups  of  nerve  cells 
with  their  connecting  fibres  and  their  outgoing  segmental  nerves,  which 
we  have  found  to  constitute  the  essential  part  of  the  spinal  coixl, 
forming  a  nerve  system  of  the  same  level  as  that  of  the  cord,  a  nerve 
system  which  we  may  call  the  cnvuial  portion  of  the  spinal  cord  nervous 
system ;  on  the  other  hand  a  nerve  system  of  different  structure  and 
higher  function,  which  is  connected  by  well-defined  nerve  tracts  with 
the  nervous  system  of  the  spinal  cord ;  this  nervous  system  of  higher 
function,  which  we  may  term  the  brain  proper,  is  not  found  at  all  in  the 
spinal  cord  but  only  the  tracts  such  as  the  direct  cerebellar,  the  pyra- 
midal &c.|  which  connect  the  spinal  cord  nervous  system  with  this 
brain. 

How  are  these  two  different  systems  situated  in  the  cranial  region  ? 
We  see  that  both  embryologically,  anatomically  and  physiologically  the 
spinal  cord  nervous  system  in  the  cranial  region  arises  in  the  same  way 
as  in  the  spinal  region  and  is  directly  continuous  with  the  nerve  tissue 
of  the  spinal  region ;  the  metameric  ganglion  masses  with  their 
investment  of  nerve  fibres  arise  here  in  pairs,  connected  by  a  ventral 
commissure  on  the  ventral  side  of  the  original  tube  just  as  in  the  spinal 
cord.  The  nervous  matter  spreads  laterally  just  as  in  the  spinal  cord, 
but  the  great  distinction  between  the  two  places  is  found  in  this,  viz. 
that  the  elements  of  this  nervous  system  do  not  as  in  the  spinal  cord 
invade  the  dorsal  side  of  the  tube;  they  remain  on  the  ventral  and 
lateral  sides  of  the  tube  forming  the  floor  of  the  medulla  oblongata  and 
of  the  hind-  and  mid-brains.  Further,  the  anterior  limit  of  this  system 
is  very  clearly  defined ;  the  nucleus  of  tile  Ilird  nerve  is  the  limit  of  the 
groups  of  nerve  cells  connected  with  segmental  nerves  built  up  on  the 
spinal  nerve  type ;  the  tuber  cinercum  and  infundibulum  mark  clearly 
the  limit  of  spinal  cord  structure  in  the  cranial  region.  In  the  diagram 
Fig.  2,  PI.  XVIII  I  have  rcprcscnt^jd  the  manner  in  which  the  spinal 
cord  structure  becomes  limited  in  the  cranial  region  to  the  ventral  side 
of  the  central  canal.  If  then  we  speak  of  the  continuation  of  the  spinal 
cord  structure  up  to  the  infundibulum  as  the  floor  of  the  original 
tube  in  the  cranial  region,  we  have  left  on  the  dorsal  side  forming  the 
roof  of  the  tube  special  nervous  structures  forming  the  brain  proper. 

These  masses  of  nervous  structures  formed  in  the  roof  form  a 
separate  chain  of  ganglion  masses  separated  from  each  other  by  the 
tliin  membranous,  almost  non-nervous,  walls  of  the  original  tube.    Thus 
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we  see  firstly  the  membranous  roof  of  tlic  IVtli  ventricle  passing  into 
the  i^lnvi  postei'iuJi,  then  the  ganglionic  mass  of  the  cerebellum  con- 
uecknl  with  the  rest  of  the  nervous  system  by  means  of  the  inferior 
middle  and  superior  peduncles;  then  the  semi-membranous  velum 
aiitsHus  or  valve  of  Vieussens,  upon  which,  as  a  sign  of  the  striking 
oature  of  the  change  which  has  occurred  in  the  past  history  of  the 
vertebrate,  the  IVth  ueTve  has  become  fixed;  then  the  ganglionic  massed 
of  the  optic  lobes,  then  again  a  thinned-out  portion  where  in  the  past 
history  of  the  vertebrate  the  invertebrate  eye  now  known  as  the  pineal 
gland  took  its  rise ;  close  to  this,  situated  laterally,  the  two  conspicuous 
most  primitive  ganglionic  masses  known  as  the  optic  thalami,  and  then 
anterior  of  all  the  cerebral  hemispheres.  In  fact  we  find  this  striking 
fact,  that  the  nervous  matter  formed  in  the  roof  of  the  original  tube  in 
the  cranial  region  is  composed  of  4  separate  paired  masses  of  nervous 
tissue  of  dilforrnt  structure  und  higher  function  than  the  nervous 
system  formed  on  the  floor  of  the  tube ;  the  different  ganglion  masses 
are  connected  with  each  other  and  with  the  spinal  cord  nervous  system 
by  a  perfectly  well  recognised  system  of  commissures,  already  spoken 
of  as  the  nerve  tracts  extrinsic  to  the  level  of  the  spinal  cord.  Further, 
it  is  to  be  noticed  tliat  the  increase  in  the  size  of  these  nerve  tracts 
coincidently  with  the  great  increase  and  development  of  these  groups 
of  doi-snl  ganglion  masses  constitutes  the  most  striking  feature  of  the 
devolopnient  of  the  vertebrate  nervous  system. 

We  see  then  that  it  is  possible  to  look  upon  the  central  nervous 
system  as  being  built  up  around  and  within  the  walls  of  a  tube 
somewhat  as  follows.  The  nervous  system  from  which  the  ver- 
tebrate system  was  formed  was  originally  composed  of  a  bila- 
teral chain  of  ganglia  situated  on  the  ventral  side  of  this 
tube,  the  nervous  material  of  which  has  subsequently  grown 
round  and  enveloped  the  tube  both  dorsally  and  ventrally 
along  its  whole  length  with  the  exception  of  its  anterior 
end;  here  the  ventral  chain  of  ganglia  instead  of  spreading 
round  to  the  dorsal  side  of  the  tube  is  connected  by  means  of 
strong  encircling  commissures,  forming  a  commissural  collar 
around  the  tube,  with  a  series  of  ganglia  lying  on  the  dorsal 
side  of  the  tube  whose  function  is  of  a  higher  character  than 
that  of  the  ventral  chain  and  which  give  rise  to  no  outgoing 
nerves  except  those  of  such  special  senses  as  sight  and  smell. 

Clearly  this  description  is  the  description  of  the  typical  form  of 
nervous  system  found  among  invertebrates  in  which  the  dorsal  ganglion 
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masses  of  the  cmnial  region  with  their  connections  with  the  optic  and 
olfactory  nerves  are  the  supra-oesophageal  ganglia;  the  nervous  matter 
which  gives  origin  to  the  segmental  cranial  nerves  and  to  the  spinal 
cord  forms  the  infra-oesophageal  ganglia  and  ventral  chain ;  and  the  crura 
cerebri,  peduncles  of  the  cerebellum,  and  the  other  tracts  which  are 
extrinsic  to  the  level  of  the  ventral  ganglionic  chain  form  the  oesopha- 
geal collar.     The  necessary  conclusion  to  this  comparison  is  that  the 
tube  of  supporting  tissue  around  and  within  which  the  nervous  system 
is  formed,  with  its  extraordinary  continuation  as  the  neurenteric  canal 
into  the  present  alimentary  canal,  was  originally  the  whole  or  part  of  the 
alimentary  canal  of  the  invertebrate  from  which  the  vertebrate  ancestor 
arose;  and  it  still  further  follows  that  this   tube  must  have  had  an 
anterior  opening  as  well  as  a  posterior  one,  the  oesophagus  must  have 
ended  in  a  mouth  just  as  the  intestine  in  an  anus.     Examination  of  the 
region  in  which  the  mouth  was  most  likely  to   have   been  situated, 
viz.  the  infundibular  region,  where  the  notochord  and  the  nervous  tissue 
which  corresponds  to  the  infra-cnsophageal  ganglia  terminate,  hais  led 
me  to  the  discovery  of  what  I  believe  to  be  the  remains  of  the  terminal 
(Ksophngcal   tube.     My   original   discovery   Wiis  made   on   the    bmins 
of  adult  sheep  which    were   taken   out  of   the   animal   immediately 
after  death,  and  the  portion  of  the  base  of  the  brain  w*hich  contained 
the  infundibulum   with   the   pituitary   body  attached  and  the  tuber 
cinereum  was  cut  out  and  placed  in  1  7©  osmic  acid ;  the  pituitary 
body  being  turned  up  towards  the  optic  chiasma  and  the  piece  of  tissue 
hardened  in  that  position.     In   this  way  the  region  of    the  tuber 
cinereum  was  well  exposed  to  view  and  it  was  easy  to  cut  a  whole 
series  of  sections  transverse  to  the  long  axis  of  the  biuin,  bogimiing  at 
the  cavity  of  the  infundibulum  and  passing  onwards  to  the  corpus 
mamillare.    These  sections  showed  the  existence  of  a  canal  leading  from 
the  cavity  of  the  infundibulum  towards  the  corpus  mamillare ;  a  canal 
which  lies  quite  on  the  surface  of  the  brain  and  occupies  the  greater 
portion  of  the  length  of  the  tuber  cinereum.     Tliis  canal  is  lined  with 
epithelium   continuous   with  that  of  the   Ilird  ventricle   and  of  the 
infundibulum ;   its  walls  are  composed   of  substance   similar  to  the 
substantia  centralis  gelatinosa;   the  further  away  from  the  infundi- 
bulum the  more  is  its  cavity  closed  by  the  approximation  of  its  walls, 
and  the  nearer  it  comes  to  the  surface,  until  at  last,  when  completely 
closed,  it  vanishes  at  the  very  surface  where  a  number  of  blood  vessels 
from  the  pia  mater  pass  in  to  the  brain  substance.     Its  appearance  is 
exactly  that  of  an  open  tube  which  has  been  bent  down  on  the  surface 
of  the  brain  and  so  its  open  extremity  been  obliterated  by  the  coming 
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together  of  its  walls;  the  appearance  of  a  tube  lying  flat  is  much 
enhanced  hy  the  presence  of  a  row  of  blood  vessels  between  it  and  the 
brain  proper.  In  Fig.  3,  PI.  XX,  I  represent  a  series  of  sections 
through  this  canal  at  different  distances  from  the  infundibulum. 

The  examination  of  other  cases  is  very  instructive.  Thus  in 
the  skate  the  series  of  sections  through  this  region  shows  how  the 
terminal  portion  of  this  tube  has  been  fixed  down  and  partially 
obliterated  while  the  next  portion  has  been  distended  and  folded  to 
form  the  saccus  vasculosus.  I  have  also  found  the  same  appearance 
in  the  brain  of  the  dog-fish;  the  diagram  on  PI.  XVI II  is  drawn  from 
one  of  the  series  of  longitudinal  sections  through  the  brain  of  a  young 
dog-fish  and  is  a  fairly  accurate  representation  of  the  shape  of  the 
brain  cavity ;  the  dorsal  masses  of  nervous  matter  are  not  drawn 
to  scale  but  simply  indicated  so  a3  to  show  roughly  the  relation  of 
parts.  In  that  figure  the  position  of  this  folded  down  tube  is  clearly 
shown. 

In  Fig.  1,  PL  XX,  I  give  a  sketch  of  the  ventral  surface  of  the 
brain  of  a  dog-lish  to  show  the  |)08ition  of  this  folded  down  tube  and 
the  position  in  which  the  brain  was  hardened  for  the  purpose  of  making 
a  series  of  sections  through  this  tube.  The  pituitary  body,  the  saccus 
vasculosus  and  the  lobi  infundibuli  were  all  turned  back  on  to  the  optic 
chiasma  jus  far  as  possible;  the  brain  was  then  placed  in  picric  acid, 
hardened,  stained,  and  a  series  of  sections  cut  through  the  part  indicated 
by  the  lines  drawn  across  Fig.  1. 

Fig.  2,  PI.  XX,  represents  a  selection  out  of  the  whole  series  of 
transverse  sections  through  this  part  of  the  brain.  They  disclose  clearly 
the  fact  tbat  the  cavity  of  the  infundibulum  not  only  forms  the  cavity  of 
the  lobi  infundibuli  and  of  the  saccus  vasculosus  but  is  continued  on  the 
surface  of  the  brain  backwards  beyond  the  limits  of  the  saccus  vasculosus 
as  atulk^  whirh  becomes  more  and  more  su|>erlicial.  An  examination  of 
the  separate  sections  shows  that  this  tube  forms  a  distinct  projection  on 
the  surface  of  the  brain  and  at  first  it  possesses  a  conspicuous  lumen  lined 
with  epithelial  cells  of  the  same  character  as  those  lining  the  rest  of  the 
central  canal.  In  the  3rd  section  represented  the  last  remains  of  the 
cells  lining  the  lumen  is  seen,  but  as  is  seen  in  the  4th,  5th  and  6th 
sections  the  walls  of  the  tube  not  only  continue  to  appear  in  each  section 
but  come  to  lie  more  and  more  outside  the  nervous  matter,  so  that  in 
the  last  two  sections  the  continuation  of  the  walls  of  this  tube  is  seen  as  a 
small  mass  of  peculiarly  structureless  tissue  entirely  surrounded  by  pia 
mater  and  blood  vessels   and   so  lying  freely  on  the  surface   oJF  the 


204  W.  IL  GASKELL. 

contiguous  nervous  matter.  Examined  with  a  high  power  this  tissue 
presents  the  appearance  of  a  remarkably  homogeneous  gelatinous-look- 
ing material  free  from  nuclei  in  which  a  meshwork  of  fine  lines  is  seen. 
Again,  in  the  young  lamprey  this  folded  down  tube  is  most  con- 
spicuous and  beautifully  shown  in  the  scries  of  sections  which  I 
have  made.  As  however  I  propose  to  deal  in  a  separate  paper  with 
the  evidence  which  the  investigjition  of  the  lamprey  luts  given  in  con- 
firmation of  the  views  expressed  in  this  paper,  I  will  only  mention  the 
fact  of  the  existence  of  this  tube  here,  in  order  to  point  out  that 
this  same  structure  is  found  in  both  the  highest  and  the  lowest  verte- 
brate. My  suggestion  then  is  that  the  terminal  part  of  the  C6S0- 
phagus  has  been  obliterated  by  being  folded  down  on  the 
infra-oesophageal  ganglia  while  the  next  portion  of  the  oeso- 
phagus has  been  dilated  to  form  the  infundibulum  with  the 
glands  of  the  pituitary  body  lying  on  the  anterior  lip  of  the 
original  mouth  and  oesophagus.  In  order  to  illustrate  my  meaning, 
I  here  reproduce,  Fig.  4,  PI.  XX,  Dohrn's  picture*  of  the  nervous 
system  of  a  young  Liraulus  in  which,  as  is  seen,  the  mouth  and  oeso- 
phagus are  lying  on  the  chain  of  infra-oosophag(Md  gsuiglia  in  exactly 
the  same  way  as  this  tube  in  the  vertebrates  of  which  I  have  been 
speaking. 

If  this  tube  be  really,  as  I  have  suggested,  the  remains  of  the  original 
mouth  and  oesophagus,  then  I  believe  that  the  vertebrate  nervous  system 
is  brought  into  complete  harmony  with  that  of  the  invertebrate,  and 
although  I  know  that  my  view  will  meet  with  strenuous  o]>positioii 
from  many  morphologists  who  hold  very  different  views  upon  the  origin 
of  the  vertebrate  nervous  system,  yet  I  am  emboldened  to  p»it  it  forward 
not  only  because  it  appears  to  me  to  follow   legitimately  from   tho 
anatomical   and   physiological    facts   which   I  have   brought   forward, 
but  also  because  so  many  previous  investigators  have  felt  the  necessity 
of  harmonising  the  vertebrate  and  invertebrate  nervous  systems.     Thus 
Balfour  is  strongly  in  favour  of  looking  upon  the  fore-brain  of  the 
vertebrate  as  the  pre-oral  ganglion  of  the  invertebrate;  Dohrn  was 
so  anxious  to  pierce  the  brain  with  an  oesophagus  that  he  at  one  time 
suggested  that  the  original  mouth  was  situated  dorsally  and  that  the 
old  oesophagus  passed  through  the  roof  of  the  4th  ventricle  and  so 
into  the  alimentary   canal   through   the   infundibulum,   thus   turning 
over  the  ancestor  of  the  vertebrate   and  making  him   crawl   on  his 
back.     It  is  unnecessary  to  mention  the  names  of  other  morphologists 

'  JenaiscJie  Xeitschr.  Bd.  vi.  Taf.  xv.  Fig.  10. 
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wbo  have  made  attempts  in  this  direction,  for  the  desire  of  piercing  the 
brain  of  the  vertebrate  with  an  oesophagus  has  been  expressed  again  and 
again  in  the  writings  of  many  distinguished  comparative  anatomists  from 
Owen  downwards. 

I  recognise  fully  the  many  difficulties  which  require  explanation 
before  this  view  can  receive  general  acceptance,  and  especially  the  diffi- 
culty of  accounting  for  the  present  alimentary  canal.  I  beg  therefore  of 
my  readers  to  abstain  from  criticism  upon  this  point  until  I  have 
published  my  paper  to  explain  the  peculiarities  of  the  hindmost  group  of 
cranial  nerves  ;  for  in  that  paper  I  shall  endeavour  to  explain  the 
fonnation  of  the  present  alimentary  canal  just  as  in  this  paper  I  have 
endeavoured  to  account  for  the  old  invertebrate  alimentary  canal.  So 
also  I  have  not  touched  upon  the  embryological  difficulties  which 
apparently  stand  in  the  way  of  the  acceptance  of  this  view  of  mine ;  for 
I  a>nsider  that  their  discussion  ought  to  come,  and  will  come  best,  after 
some  conclusion  upon  the  ancestor  of  the  vertebrate  has  been  arrived 
at  upon  anatomical,  physiological  and  phylogenetic  grounds,  and  by  that 
time,  if  we  may  judge  from  the  change  of  opinion  which  is  now  going 
on,  the  embryological  standpoint  will  have  changed  so  much  that 
perchance  many  of  the  present  difficulties  will  be  found  to  have 
vanished. 

I  ought  perhaps  to  mention  here  that  in  a  paper  published  during 
this  last  sunmier  Jiland  Sutton*  has  suggested  that  pathological  cystic 
malformations  of  the  spinal  cord  point  to  the  conl  &s  being  a  modified 
gut.  The  view  which  I  have  put  forward  in  this  paper  was  in  no  way 
suggested  by  this  paper  of  Bland  Sutton's,  for  I  had  already  worked 
out  and  written  out  a  manuscript  embodying  my  views  during  the 
Christmas  Vacation  of  1887;  and  indeed  the  opinions  which  I  held  were 
well  known  to  my  friends  and  many  students  at  Cambridge  during 
the  summer  and  autumn  of  1887.  On  the  advice  however  of  friends 
I  determined  not  to  publish  the  whole  manuscript  at  that  time  but  only 
the  part  concerning  the  structure  of  the  cranial  nerves  which  appeared 
in  the  Proceedings  oftiie  Royal  Society, 

Sutton's  paper  is  to  me  most  valuable  because  it  confirms,  from  an 
entirely  different  method  of  investigation,  the  importance  of  looking  upon 
the  non-nervous  elements  of  the  spinal  cord  as  possessing  a  separate 
individuality  from  the  nervous  elements. 

Finally,  we  see  that  a  self-evident  and  straightforward  reason  for 
the  degeneration  of  certain  components  of  the  foremost  groups  of  cranial 

»  "  Brain."  Vol.  x.  p.  420. 
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nerves,  i,e.  nerves  which  arise  from  the  original  infra-oesophageal  ganglia, 
is  afforded  by  the  loss  of  function  of  the  invertebrate  alimentary  canal 
and  the  mouth  parts  in  connection  with  it  It  is  to  my  mind  very 
suggestive  that  a  part  at  all  events  of  the  degenerated  material  in  the 
Illrd  nerve  is  apparently  in  direct  connection  witli  tho  largo  group  of 
cells  known  as  the  substantia  nigra,  for  the  direction  of  the  processes 
of  many  of  these  cells  is  parallel  to  the  direction  of  tho  fibres  of  tlic 
Ilird  nerve,  and  the  cells  themselves  are  imbedded  in  the  continua- 
tion of  the  degenerated  material  belonging  to  the  Ilird  nerve. 

The  groups  of  cells  known  as  the  substantia  nigra  have  long  been 
a  stumbling  block  to  anatomists;  their  strongly  pigmented  character 
points  directly  to  a  cessation  of  function  on  their  part ;  they  have  not 
been  traced  into  connection  with  any  definite  tracts  of  nerve  fibres; 
and  their  position  on  the  crura  cerebri  is  a  peculiar  one  and  is  not 
homologous  with  any  of  the  groups  of  nerve-cells  which  are  in 
connection  with  the  spinal  and  cranial  segmental  nerves.  If  however 
we  look  upon  the  nervous  a3^stcm  from  the  point  of  view  suggested 
ill  these  pngoH,  wo  sec  that  tho  crura  cerebri  form  tho  lu.'iiu  coniniissnroH 
connecting  the  supra-  and  infra-oosoph!\geal  ganglia,  and  that  a  group  of 
cells  situated  upon  these  oesophageal  commissures  belonging  neither 
to  the  supra-oesophageal  or  infra-ossophageal  systems  would  corre- 
spond exactly  to  the  stomato-gastric  ganglion  which  in  crustaceans 
forms  the  main  nervous  supply  of  the  mouth  and  alimentary  tract. 
If  then  it  be  allowable  to  speak  of  the  parts  of  the  vertebrate  nervous 
system  in  invertebrate  phraseology,  I  would  suggest  that  with  the 
alteration  of  function  of  the  original  invertebrate  alimentary  canal  is 
iissociated  the  pigmentation  of  the  colls  of  the  stomato-gastric  ganglion 
which  supplied  that  canal  with  nerves,  and  therefore  may  perhaps 
still  supply  the  myelo-spongium  with  nervous  elements,  and  also 
the  degeneration  of  certain  parts  of  the  nerves  which  arise  from 
the  infra-oesophageal  ganglia. 

I  have  mcntione<l  the  word  Crustacean  in  connection  with  tho  nerve 
supply  of  the  invertebrate  alimentary  canal,  and  it  appears  to  me  that 
the  theory  which  I  have  put  forward  fits  in  best  with  an  original 
alimentary  canal  of  the  crustacean  type.  Thus  in  Fig.  3a,  PI.  XVIII,  I 
give  a  diagram  of  the  relation  between  the  nervous  system  and  the 
alimentary  canal  of  the  Crustacean  with  its  turned  down  oesophagus, 
large  cephalic  simple  stomach  and  straight  simple  intestine.  In  such 
an  animal  as  Sphceroma  we  find  according  te  Bellonci*  that  the  supra- 
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GBSophageal  ganglia  are  separable  into  3  segments:  1.  a  superior  segment 
or  cerebrum ;  2.  a  middle  segment  which  gives  origin  to  the  optic  and 
olfactory  nerves ;  and  3.  an  inferior  segment  which  is  situated  upon  the 
a\so|ih;ig(';il  coinniissures  and  forms  the  stomato-gastric  ganglion  and 
gives  origin  to  the  nerves  of  the  external  antenna).  Such  an  arrange- 
ment I  have  represented  diagrammatically  in  Fig.  3  A. 

In  the  vertebrate  the  folding  over  of  the  medullary  plates  in  the 
cranial  region  forms  first  a  simple  large  bag  in  connection  with  the 
straight  narrow  tube  of  the  spinal  conl  This  stage  then  of  embryo- 
logical  developnteut  corrcsjionds  to  Fig.  3  A.  The  next  imjiortant 
occurrence  embryologically  is  the  formation  of  the  3  cerebral  vesicles. 
At  first  the  cephalic  bag  is  constricted  in  one  place  so  as  to  form  two 
lobes,  and  later  on  another  constriction  appears  in  the  posterior  lobe  by 
which  3  instead  of  2  vesicles  are  formed.  The  first  constriction  takes 
])l:u*o  at  that  spot  which  afterwards  forms  the  posterior  connnissure,  and 
hero  we  see  the  ganglia  habenulo)  are  formed  in  the  lamprey,  ganglia 
which  are  clearly  in  connection  with  the  pineal  eye.  From  the  ganglia 
habenulsB  across  to  the  ventral  side  of  the  brain  in  the  lamprey  run  two 
well-marked  nervous  commissures  known  by  the  name  of  Meynert's 
bundles. 

Upon  the  view  put  forward  in  this  paper  this  first  constriction 
represents  simply  the  formation  and  growth  in  this  position  of  nervous 
inatlor  wliieli  is  homologous  with  the  middle  Kogmont  of  the  supni- 
cesophageal  gjuiglia  of  Spluvroma;  which  therefore  i^  in  connection  with 
the  original  organs  of  sight,  Le.  with  the  pineal  eye. 

The  2nd  constriction,  which  occurs  subsequently  to  the  first,  is  in  the 
position  of  the  valvula  cerebelli  or  valve  of  Vieussens,  and  is  therefore 
associated  with  the  crossing  over  of  the  IVth  nerve  from  the  ventral  to 
the  dorsal  side;  here  at  first  according  to  Ahlborn'  in  Ammocootes  a 
deep  inward  projecting  fold  of  the  membranous  roof  of  the  brain  is  the 
only  indication  of  the  position  of  cerebellum  and  optic  lobes.  If  then 
we  imagine  in  the  Ammocoete  the  3  choroid  plexuses  inflated  so  as  to 
get  rid  of  their  folds  and  creases,  Fig.  3  B  would  represent  not  only 
the  embryological  stage  of  the  formation  of  the  3  cerebral  vesicles 
but  also  the  corresponding  phylogenetic  stage  as  shown  by  the  brain 
of  the  Ammocoete. 

From  this  stage  to  that  represented  by  the  Elasmobranch  brain  and 
so  on  to  the  mammal  the  steps  are  easy ;  owing  to  the  increase  of  the 
nervous  material  and  to  the  limited  space  in  the  cranial  cavity,  the  free 
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portions  of  the  original  cephalic  stomach  are  thrown  into  folds  forming 
the  choroid  plexuses  and  the  other  membranons  parts  of  the  brain 
already  spoken  of  in  this  paper.  Thus,  as  is  seen  in  Fig.  3  C  or  Fig.  2, 
PL  XVIII,  a  loop  of  the  bag  of  the  3rd  vesicle  forms  the  internal  lining 
of  the  worm  of  the  cerebellum.  This  very  formation  of  the  worm  of  the 
cerebellum  in  the  Elasmobranch  produces  of  necessity  the  two  lateral 
membranous  folds  shown  in  Fig.  8,  PL  XTX.  Tiicso  in  their  turn 
become  surrounded  with  nervous  matter  and  then  form  the  cerebellar 
hemispheres.  In  front  of  the  valvula  cerebelli  the  nervous  matter 
grows  over  the  membranous  walls  of  the  2nd  vesicle  and  forms  the  optic 
lobes. 

By  the  growth  of  the  cerebral  hemispheres  and  the  increase  in  size 
of  the  two  lateral  masses  known  as  the  optic  thalami,  the  membranous 
portion  of  the  1st  cerebral  vesicle  is  thrown  into  folds  which  project  into 
the  3rd  ventricle  and  form  the  choroidal  plexuses  of  the  3rd  and  lateral 
ventricles,  as  is  seen  in  Fig.  2,  and  Fig.  3  c,  PL  XVIII.  In  this  way  it 
appears  to  me  perfectly  possible  to  construct  the  vertebrate  nervous 
system  from  one  of  the  Crustacean  typo. 

Before  however  it  is  possible  or  advisable  Ihi  speculate  further  upon 
the  changes  associated  with  the  loss  of  (ho  old  atiinontiry  ciuial, 
it  is  necessary  to  have  some  conception  of  the  manner  in  which  the 
present  alimentary  canal  arose;  in  other  words  to  attempt  to  explain 
the  peculiarities  of  the  hindmost  group  of  cranial  nerves,  for  it  is 
evident  that  their  peculiarities  are  associated  with  the  formation  of  the 
new,  i.e.  the  present  alimentary  canal,  just  as  much  as  those  of 
the  foremost  group  were  associated  with  the  loss  of  the  old  canal.  Such 
an  attempt  may  well  form  the  subject  of  a  separate  paper,  wliich  I  Iiojkj 
before  very  long  to  be  able  to  publish. 


GAUBBmaR, 

March  20,  1889. 
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DESCRIPTION   OF  FIGURES.     Pl.  XVI— XX. 


Plate  XVI. 

Fig.  1.  Portion  of  a  section  tlii*oiigli  tho  Illrd  cnuiial  iiorvo  of  tlic  tlog, 
to  hIiow  how  the  smallost  fibres  in  the  nerve  congregate  togetlier  at  i\n\ 
fieriphery,  preparatory  to  passing  out  into  the  oculomotor  ganglion. 

Fig.  2.  Portion  of  a  section  through  the  middle  of  the  oculomotor 
<^g1ion,  to  show  that  there  arc  no  large  nerve  fibres  in  the  giuiglion.  (From 
the  same  series  as  Fig.  1.) 

Fig.  .*{.  SocticHi  through  some  of  tho  sliort  ciliary  nerves  imiiiodiaU^iy  after 
tlirir  exit  from  tho  oculomotor  giuiglion.  (From  the  same  series  ns  Figs.  1 
:ui<l  2.) 

Fig.  4.  Section  through  some  of  the  rootlets  of  the  Vllth  cranial  nerve 
of  the  dog,  to  show  the  presence  of  the  large  fibres  in  these  rootlets, 

Fig.  5.  Section  through  the  IVth  cervical  nerve  of  the  rabbit  at  the 
oiigin  of  the  phrenic  nerve,  to  show  the  fibres  of  the  phrenic  nerve  (B) 
scpamting  out  from  the  hxrger  fibres  of  the  T Vth  cervical  nerve  (A). 

Platb  XVII. 

• 

The  sections  are  all  carefully  drawn  from  osmic  acid  prepaiutions  of  the 
nerves  of  man. 

Fig.  1.  Transverse  section  of  rootlet  of  Illrd  cranial  nerve  to  show 
degenerated  ganglion.     (Zeiss  A,  Oc.  4.) 

Fig.  2.     Three  transvei-se  sections  of  IVih  ci-anial  nerve.    (Zeiss  A,  Oc.  2): 
a.    Section   near  exit  of  nerve  from  valve  of  Vieussens,  showing  de- 
generated tissue  arranged  so  as  to  form  a  sheath  around  the  functional 
medullatcd  nerve-fibr&s. 
6.    Section   of   nerve   farther   away   from   point   of    exit,    showing   the 

formation  of  the  degenerated  ganglion, 
c.    Section  of  nerve  peri])hei'al  to  tho  ganglion.     The  degenoratocl  tissue 

has  almost  entirely  disappeared. 
Fig.  3.     Transverse  section  of  Vllth  cranial  nerve  to  show  degenerate<l 
ganglion.     (Zeiss  A,  Oc.  2.) 

Fig.  4.     Longitudinal  section  of  a  rootlet  of  Illrd  cranial  nerve  to  show 
the  structure  of  the  degenerated  material.     (Zeiss  D,  Oc.  2.) 
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Plate  XVIII. 

Fig.  1.  Section  of  the  medulla  oblongata  (after  E dinger).  The  letters 
A,  B,  C,  D,  E  have  the  same  inoaniugs  as  in  the  diagram  of  the  spinal  cord 
on  p.  155. 

Fig.  2.  Diagmnnnatic  roproHcntjition  of  thcarningiunc^ntof  tlio  HcgtiiciiUd 
cranial  nerves.  The  diagram  represents  roughly  a  longitudinal  section  through 
the  brain  of  a  young  dog-fish,  upon  which  the  genei*al  plan  of  arrangement  of 
the  cranial  nerves  has  been  drawn  as  explained  in  the  text. 

Fig.  3.  These  three  diagrams  illustrate  the  possible  origin  of  the  vertebratt^ 
nervous  system  as  suggested  in  the  text 

3  A.     Diagram  of  the  relation  between  tho  Crustiusoiin  alimentjiry  and 

nervous  systems. 
3  B.  Diagram  of  relation  between  the  nervous  and  non-nervous  parts  of 
the  central  nervous  system  in  the  Ammoccete.  It  illustrates  also 
the  formation  of  the  three  cerebral  vesicles  from  the  simple  stage 
represented  in  Fig.  3  A. 
3  C.  Diagiuni  of  relation  between  tho  nervous  and  non-nervous  parts  of 
the  central  nervous  system  in  the  Elasmobvanch  and  in  the  higher 
vertebi*ato8  generally.  It  illusti-ates  the  formation  of  the  01101*01(1 
plexuses  and  the  increasing  invasion  of  the  walls  of  the  original 
cephalic  stomach  by  the  increase  in  the  amount  and  complexity  of 
the  nervous  material. 

Plate  XIX. 

Fig.  1.  The  supporting  tissue  or  myelospongiuiii  of  the  .spinal  coixl 
(copied  from  His). 

Fig.  2.  Portion  of  a  section  of  the  lining  of  the  central  canal  in  the  region 
of  the  infundibulum  of  a  puppy,  to  show  how  the  original  compact  layers  of 
epithelial  cells  spread  out  to  form  the  substantia  gelatinosa  centralis. 

Fig.  3.     Section  of  tho  wall  of  the  saccus  vasculosus  in  the  adult  skate. 

Fig.  4.  lloproduction  of  Kulliker's  dniwing  of  tho  spinal  cord  of  Hit* 
embryo  of  the  rabbit,  to  show  how  at  this  stage  the  dorsal  part  of  the  tube  is 
free  from  the  admixture  of  nervous  material. 

Fig.  6.  Section  of  cord  in  chick  (about  8  days)  through  the  rhomboidal 
sinus  to  show  the  position  of  the  groups  of  motor  ganglia,  and  the  manner  in 
which  a  wedge-shaped  mass  of  the  original  epithelial  embryonic  tissue  remains 
on  the  dorsal  side  of  the  central  canal  free  from  admixture  with  nervous 
matenal. 

Fig.  G.     Appearance   of  this   wedge-shaped   dorsal   mass   of  embryonic 
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tisKue  in  the  more  adult  condition.  Tho  spaces  formed  by  the  nucleated 
meshwork  are  filled  with  a  homogeneous  gelatinous  material 

Fig.  7.  Section  through  the  nervous  matter  forming  the  fimbria  of  a 
dog-fish,  with  its  overlying  membranous  roof.  The  epithelial  layer  of  tlie 
membranous  i*oof  is  seen  to  be  continuous  witli  and  to  form  the  lining 
epithelium  of  the  projections  of  nervous  matter,  while  the  pia  mater  as  shown 
by  the  thin  lines  does  not  follow  the  oourse  of  the  epithelial  layer. 

Fig.  8.  Dorsal  view  of  the  medulla  oblongata  and  cerebellum  of  a 
dog-fish.  cb.  worm  of  the  cerebellum,  L  the  two  lateral  membranous  pouches 
which  form  the  roof  of  tlie  coninieucing  cci'olMsllar  hemispheres  or  fimbrin), 
c^.  uieuibranous  roof  of  the  IVth  vontiicle  which  is  continuous  with  the  two 
lateral  membranous  pouches. 

Plate  XX. 

Kig.  1.  Yontral  surface  of  tho  bniiu  of  a  young  dog- fish;  tho  pituitary 
iKKly  and  saccus  vasculosus  are  turned  back  on  to  the  optic  chiasma.  The 
lini^  drawn  aci'Ofis  tho  figure  indicate  the  i)osition  of  the  scries  of  sections 
from  which  the  drawings  in  Fig.  2  were  made. 

Fig.  2.  A  selection  out  of  the  whole  series  of  sections  indicated  in  Fig.  1, 
to  show  how  the  cavity  of  the  saocus  vasculosus  is  continued  as  a  tube  on  the 
suiiace  of  the  brain;  the  last  three  sections  show  how  the  continuation  of 
this  tube  at  its  termination  is  separated  from  the  brain  by  pia  mater  and 
bhxxl  voshcIr. 

Fig.  3.  A  selection  out  of  a  series  of  sections  threugh  the  tuber  cinereum 
of  tho  sheep,  to  show  the  existence  of  a  tube,  the  walls  of  which  gradually 
close,  which  lies  on  the  surface  and  passes  from  the  infundibulum  towards  the 
corpus  mammillare. 

Fig.  4.  Diagram  of  the  arrangement  of  the  nervous  system  and  of  the 
alimentary  canal  in  the  young  Limulus.     (Copied  from  Dohrn.) 
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OBSERVATIONS  ON  HUMAN  BILE  OBTAINED  FROM 
A  CASE  OF  BILIARY  FISTULA  By  S.  MONCKTON 
COPEMAN,  M.A.,  M.B.  Cantab.,  Demonstrator  of  Physiology, 
AND  W.  B.  WINSTON,     n.  XXI. 

{From  tlis  Physiological  Laboratory  of  St  Thonuis*  Hospital.) 

TuE  number  of  cases  of  biliary  fistula  in  man  in  which  accurate 
observations  have  been  made,  with  regard  to  the  somewhat  doubtful 
points  of  the  amount  of  secretion  of  the  bile,  of  its  chemical  constitution, 
and  of  the  variations,  if  any,  in  the  rapidity  of  the  flow,  are  very  few ; 
and  in  nearly  all  of  those  which  liavo  been  recorded  malignant  disease 
has  been  present,  or  there  has  been  some  other  complication  which 
renders  such  observations  of  comparatively  little  value  from  a  physiolo* 
gical  point  of  view.  This  being  so,  it  is  possible  that  the  following 
notes  on  a  case  in  which  apparently  no  such  sources  of  error  were 
present,  and  in  which  the  observations  extended  over  a  lengthened 
period,  may  be  worth  recording. 

The  patient,  a  woman  aged  2G,  was  admitted  into  St  Thomas' 
Uospital  in  February  1888,  suffering  apparently  from  an  attack  of 
biliary  colic,  and  came  under  the  care  of  Dr  Bristo  we  to  whose  kindness 
we  are  indebted  for  permission  to  publish  our  observations  on  the  case. 

She  had  had  several  somewhat  similar  attacks  during  the  six  months 
prior  to  admission,  and  she  had  noticed  a  small  hard  lump  in  the  region 
of  Uu^  gall-bladder,  which  incrcasiid  in  mya%  and  became  very  tender  and 
painful  after  each  attack.  Both  before  and  after  admission,  the  fasces 
were  carefully  examined  for  gall-stones,  but  without  success. 

She  was  considerably  jaundiced,  the  conjunctivas  being  very  yellow, 
and  both  bile-salts  and  bile-pigment  were  present  in  the  urine,  while 
tlii!  fa'cx'^  were  of  tlie  typical  clay  colour.  After  a  short  stay  in  the 
medical  ward  she  was  transferred  to  the  care  of  Mr  Sydney  Jones, 
who  cut  down  on  the  gall-bladder,  which  was  much  distended,  and  after 
stitching  it  to  the  edges  of  the  wound,  laud  it  open,  when  about  six  or 
seven  ounces  of  a  glairy  semi-transparent  fluid,  quite  free  from  biliary 
colouring  matter,  was  evacuated,  which  under  the  microscope  was  found 
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to  contain  a  number  of  leucocytes,  together  with  a  few  crenated  red 
blood  corpuscles.  No  gall-stone  could  be  discovered  in  the  common  or 
cystic  ducts. 

On  the  day  following  the  operation,  the  dressings  were  found  to  be 
stained  with  a  dark-green  fluid  which  was  evidently  bile,  the  amount  of 
which  increased  day  by  day.  At  the  same  time  the  jaundice 
disappeared  little  by  little  and  the  urine  now  gave  no  bile  reaction. 
The  stools  remained  of  a  greyish  colour,  and  from  that  time  onwards 
there  was  no  trace  of  bile  in  cither  urine  or  faeces. 

The  wound  gradually  healed,  except  at  one  point  from  which  the 
bile  continued  to  be  discharged,  so  that  it  was  determined  to  collect  it, 
and  through  the  courtesy  of  Dr  Bristowe,  the  opportunity  wjis  obtained 
of  examining  it  before  the  patient  underwent  any  further  surgical 
interference  that  might  be  deemed  necessary. 

The  results  noted  are  based  on  observations  extending  over  nearly 
a  couple  of  months,  when  they  were  interrupted  by  the  death  of  the 
patient,  caused  by  biliary  toxaemia  from  rcabsorption  of  the  bile,  after 
plugging  the  fistulous  opening,  for  hoimorrhage,  which  unfortunately 
supervened  on  an  attempt  to  open  up  anew  a  path  for  the  bile  inti)  the 
duodenum,  by  passing  a  probe  along  the  common  duct 

At  the  post-mortem  examination,  the  fistulous  opening,  a  vertical 
slit  half  an  inch  in  length,  which  was  situated  an  inch  below  the  costal 
margin  on  the  right  side,  was  found  to  communicate  with  a  somewhat 
contorted,  thick-walled  passage,  along  which  a  probe  could  be  passed 
for  about  3J  inches  in  a  direction  upwards  and  backwards.  This  canal, 
which  represented  the  shrunken  interior  of  the  gall-bladder,  hail  a 
uniform  calibre  of  less  than  half  an  inch,  and  was  connected  above  with 
the  hepatic  duct  and  the  common  bile  duct,  the  condition  of  which 
however  could  not  accurately  be  made  out. 

A  portion  of  the  liver,  with  the  remains  of  the  gall-bladder,  the 
hepatic  and  common  ducts,  the  pancreas  and  a  few  inches  of  the 
duodenum,  w;us  removed  and  handed  over  to  Mr  S  hat  took  for  luoro 
careful  dissection  and  preservation  as  a  museum  specnnen.  On  exami- 
nation he  found  that  the  liver,  except  that  its  substance  was  stained 
with  bile  and  that  the  main  bile-ducts  were  somewhat  dilated,  was 
perfectly  normal  and  that  there  was  no  stricture  or  new  growth  of  any 
kind  along  the  course  of  either  cystic  or  common  duct.  Quite  at  the 
end  of  the  common  duct,  just  at  its  junction  with  the  intestine,  a 
calculus  was  found  firmly  impacted,  which  measured  1*6  cm.  in  its 
longitudinal  diameter,  and  1*3  cm.  in  its  longest  transverse  diameter. 
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The  common  duct  was  dilated  particularly  at  the  point  of  junction  with 
the  cystic  duct,  where,  when  it  was  laid  open,  the  internal  circumference 
was  found  to  be  3'3  cm.  From  the  size  of  the  calculus  it  seemed 
impossible  that  anything  short  of  a  surgical  operation  could  ever  have 
dislodged  it  from  the  position  in  which  it  was  found. 

Atnount  of  Secretwii  in  24  hours. 

As  soon  as  the  fistula  became  established,  as  described,  a  glass 
cannula  was  accurately  fitted  into  the  wound,  and  by  means  of  an  iudia- 
nibber  tube,  the  bile  was  led  into  a  bottle  (placed  on  the  floor  beside 
the  bed),  through  the  cork  of  which  passed  two  glass  tubes;— one 
reaching  quite  to  the  bottom  of  the  bottle,  where  it  ended  in  a  fine 
nozzle,  being  connected  up  with  tlie  cannula,  the  other  a  short  one  to 
jicnnit  the  exit  of  the  containcil  air  as  the  bile  flowed  into  the  bottle. 

The  length  of  the  column  of  fluid  appeared  to  have  the  effect  of 
preventing  the  ingress  of  micro-organisms,  as  the  wound,  which  was 
dressed  over  the  cannula  with  salicylic  wool  and  iodoform,  remained 
quite  aseptic,  and  the  patient's  temperature,  after  a  few  days  from  the 
date  of  the  first  operation,  until  just  before  her  death,  never  rose 
appreciably  above  the  normal. 

A;3  there  was  no  loss  into  the  dressings,  and  no  trace  of  bile  in  either 
urine  or  faeces,  it  is  evident  that  the  whole  amount  of  the  secretion  of  the 
liver  was  collected,  and  for  more  than  a  month  the  total  quantity 
secreted  during  the  previous  24  hours  was  carefully  measured  at 
10  p.m. 

The  measurements  were  as  follows,  taking  the  first  and  third  weeks 
of  June  as  examples : — 

June  1  26 J  ozs. 

„     2  28i    „ 

„     3  27* 


„     4  3l"    „ 

»     6  34      „ 

„     0  2J)      „ 


„    7  28A    „ 

On  June  4  the  patient  commenced  taking  pills  of  purified  ox-gall,  in 
doses  of  ten  grains  thrice  daily,  and  at  first  the  amount  of  the  flow 
appeared  to  be  somewhat  increased  by  the  treatment,  but,  as  shown, 
the  amount  again  foil,  aft<!r  three  days,  to  about  the  siimc  lu;  before. 

IG— 2 
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The  pills  were  discontinued  after  a  fortnight,  without  causing  there- 
by any  noticeable  lessening  of  the  flow,  as  is  shown  by  the  record  of  that 
week : — 

June  14  27  ozs. 

„  15  24  „ 

„  16  28  „ 

„  1^  24  „ 

„  18  26  „  pills  taken  off. 

„  19  27  „ 

,,  20  26  „ 

The  amount  afterwards  ranged  between  24  ozs.  and  28J  ozs.,  the 
avei-age  being  about  27  ozs.  or  779*625  ac,  an  amount  very  considerably 
in  excess  of  that  recorded  in  somewhat  similar  cases  by  Ranke  (652 
C.C.),  V.  Wittich  (532'8c.c.)  and  Yeo  and  Herroun  (374*5  c.c.)  especially 
when  the  weight  of  the  patient  is  taken  into  consideration,  as  on  June  7 
she  weighed  94^  lbs.  only,  although  she  was  not  extremely  emaciated. 
Curiously  enough,  bo  far  from  losing  flesh  still  more,  she  incrciused  4  lbs. 
in  weight  during  the  following  week. 

Murchison*  records  the  case  of  a  lady  seen  by  him  in  ccmsultKatiou, 
almost  identical  with  the  present  one,  in  which  a  temporary  fistula 
was  brought  about  by  an  incision  into  a  distended  gall-bladder.  The 
common  duct  was  blocked  by  a  calculus,  which  after  more  than  a  month 
found  its  way  into  the  duodenum,  when  the  fistula  gradually  closed,  and 
the  patient  entirely  recovered.  The  amount  of  bile  secreted  averaged 
40  ozs.  per  diem,  tiio  bo<Iy-weight  being  .130  lbs.,  which  agrees  pretty 
closely  with  the  normal  amount  of  bile,  as  calculated  by  Carpenter 
from  experiments  on  dogs,  by  Kollicker  and  Muller,  Scott,  Bidder 
and  Schmidt,  and  Flatner  and  Stackraann.  If  allowance  be  made 
for  the  difference  in  weight,  the  amount  of  bile  secreted  in  the  present 
case  also  agrees  with  the  amount  thus  calculated,  so  that  it  may  fairly 
be  stated  that  the  bile  is  normally  bccreted  to  the  extent  of  4  ozs.  per 
14  lbs.  of  body-weight  during  the  24  hours,  or  2 J  pints  per  diem  in  a 
man  of  12  stone. 

Variations  in  rate  of  flow. 

The  rapidity  of  secretion  was  found  to  vaiy  very  considerably,  at 
different  times  of  the  day  and  night,  and  several  observations  were  made, 

*  DUeaset  of  the  Liver,  3rd  od.  p.  570. 
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extending  throughout  the  24  hours,  to  determine  the  relation  of  these 
variations  to  the  meals  taken  by  the  patient.  On  each  occasion  the 
results  were  very  similar  and  the  table  gives  a  curve  PL  XXI  which 
represents  their  mean. 

This  variation  in  the  rate  of  flow  at  different  times  of  the  day 
is  contrary  to  the  observations  of  v.  Wittich  and  of  Yeo  and  Herroun, 
who  found  no  such  fluctuations,  but  whose  cases,  however,  were  confess- 
edly abnormal.  At  the  same  time  it  is  certainly  not  due  to  the  causes 
suggested  by  them  as  possibly  accounting  for  such  a  variation,  when 
occurring,  if  indeed  it  ever  really  did  occur,  namely  the  ingestion  of 
abnormally  large  meals,  or  to  prolonged  fasts ;  as  the  meals  were  given, 
in  common  with  those  of  the  other  patients,  at  regular  intervals,  according 
to  the  following  table : 


Breakfast 

5  ajn. 

Lunch 

10  a.in. 

Dinner 

1  p.ra. 

Tea 

4.30  p.m. 

Supper 

7.30  p.m. 

As  seen  by  reference  to  the  curve,  the  rate  of  secretion  was  least  at 
5  a.m.  when  some  hours  had  elapsed  since  the  last  meal,  and  greatest  at 
12  noon,  tlio  amount  ranging  between  the  wide  limits  of  14*5  c.c.  in  an 
hour  and  54  ;>  c.c.  in  an  ccptal  time. 

Breakfast-time,  when  the  rate  of  flow  was  at  its  lowest  ebb,  is 
followed  by  an  immediate  rise  for  the  next  hour,  with  a  secondary 
one  two  hours  later  still.  The  extensive  rise  about  noon  is  curious,  as 
the  10  o'clock  lunch  is  not  by  any  means  a  large  meal,  while  there  is  no 
such  elevation  after  dinner,  the  principal  meal  of  the  day. 

This  is,  however  probably  due  in  part  to  the  fjict,  that  the  cannula 
was  usually  removed  about  10  a.m.  for  cleaning,  as  it  tended  to  get 
somewhat  choked  with  mucus,  so  presenting  a  resistance  to  the  free 
flow  of  the  bile  unless  this  was  attended  to,  and  as  the  bile  is  secreted 
at  a  very  low  pressure  a  slight  obstacle  is  suflScient  to  check  the  flow  to 
some  extent.  The  cleansing  of  the  tube  might  be  expected  therefore  to 
be  followed  at  any  rale  for  a  time  by  a  somewhat  freer  Uow.  It 
shoukl,  however,  be  stated  that  the  tube  never  became  completely 
blocked  even  when,  as  wjis  the  case  on  two  or  three  occasions,  it  was 
not  removed  for  48  hours  or  more ;  while  twice,  when  removed  in  the 
afternoon  for  the  purpose  of  exploring  the  fistula,  the  cannula  and  also 
the  tube  were  perfectly  patent. 
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Again,  shortly  after  supper,  a  primary  rise  occurs,  followed  by  a  still 
higher  wave  commencing  two  hours  later  on. 

The  act  of  secretion  was  found  to  consist,  not  of  a  continuous  oozing, 
greater  or  less  in  amount  according  to  the  time  of  day,  but  on  the 
contrary,  it  was  noticed  that  there  were  short  periods  of  rest,  followed  by 
a  flow  in  a  series  of  jerks,  which  appeared  to  be  caused  by  waves  of 
peristaltic  contraction  occasioned,  doubtless,  by  the  presence  of  fluid 
in  the  gall-bladder  and  larger  bile-ducts.  That  this  is  the  true  ex- 
planation of  the  phenomenon  appears  likely,  from  the  consideration  that 
there  is  a  plentiful  supply  of  involuntary  muscular  tissue  in  these 
situations,  Heidenheim  indeed  asserting  that  the  layers  of  the 
muscular  coat,  both  longitudinal  and  circular,  are  continued  into  even 
the  finest  branches  of  the  bile-ducts. 

Bodily  movements,  such  as  turning  in  bed,  were  also  found  tempor- 
arily to  increase  the  flow,  but  whether  there  was  any  relation  between 
a  rise  of  blood-pressure  in  the  hepatic  artery  and  an  increase  in  the 
amount  of  secretion  could  not,  of  course,  be  determined. 

It  is  generally  stated  that  the  amount  of  bile  secreted  is  increased 
by  the  presence  of  bile-salts  in  the  blood  going  to  the  liver,  and  that 
therefore  the  amount  flowing  from  a  fistula,  in  which  case  these  salts  are 
all  drained  off  as  soon  as  formed,  must  be  considerably  less  than  the 
amount  normally  poured  into  the  duodenum,  for  the  reason  that  the 
greater  part  of  the  bile-salts  are  normally  reabsorbed  into  the  circula- 
tion, through  the  walls  of  the  intestine,  and  so  carried  again  to  the  liver, 
exciting  by  their  presence  a  greater  flow  of  the  water  of  the  bile.  In 
order  to  tost  this  aasertion,  as  it  seemed  that  in  this  case  no  bile  AmuuI 
its  way  into  the  intestine,  the  patient,  as  mentioned  above,  was  given 
30  grains  per  diem  of  purified  ox-gall,  in  the  form  of  pills,  for  about  a 
fortnight,  after  which  time  it  was  not  persisted  in,  as  the  patient  made 
great  complaint  of  the  size  of  the  pills  and  of  consequent  difficulty  in 
swallowing  them. 

At  first  it  seemed  as  if  this  treatment  ha<l  had  the  elTect  of  in- 
creasing the  flow,  as  the  amount  collected  rose  in  two  days  from  an 
average  of  27  ozs.  to  34  ozs.  but  it  immediately  commenced  again  to  fall 
until  the  former  average  was  again  reached,  while  the  subsequent 
removal  of  the  dru^i:  occasioned  no  obvious  alteration  in  the  diurnal 

record. 

Colour  of  the  Bile. 

The  bile,  of  which  so  large  a  quantity  was  obtained,  was  not  of  the 
golden-red  colour  which  is  usually  stated  to  be  common  to  the  liver 
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secretion  of  man  and  the  caruivora,  but  was  of  a  deep  olive  tint  in 
wliidi  <jrco.li  certainly  j»rojM)iidciatc(l  over  tlic  yellow.  This  was  the 
case  with  the  first  &w  drops  which  oozed  out  into  the  dressings  when 
the  fistula  first  becanio  cstablislied,  and  coubinued  so  to  the  cud, 
although  asepticism  was  apparently  perfect  all  the  time. 

Yeo  and  Herroun  make  no  mention  of  the  colour  of  the  bile 
in  their  case,  but  in  looking  over  those  enumerated  by  Murchison^ 
it  was  found  that  he  particularly  mentions  in  each  case  that  the 
secretion  was  dark  green  in  colour. 

Lauder  liruutou'  says  "In  man,  it  is,  when  fresh,  of  a  golden- 
yellow  colour,  like  yolk  of  egg,  as  may  be  seen  when  it  is  vomited,"  but 
this  does  not  seem  to  be  the  usual  experience,  biliary  vomit  having 
more  often  a  green  than  a  yellow  tint.  He  adds  "after  death  the  bile 
in  the  gall-bladder  is  generally  brownish." 

Now  the  Hpociiuens  of  human  bile,  which  have  been  examined,  other 
than  in  cases  of  fistula,  must,  at  any  rate  as  a  rule,  have  been  obtained 
some  time  after  death,  and  probably  after  some  considerable  stay  in  the 
gall-bladder,  so  that  it  is  possible  that  the  colour  varies  according  to  the 
length  of  time  that  it  remains  in  the  gall-bladder,  and  Ls  due  to  a  certain 
amount  of  reduction  going  on  there. 

This  theory  is,  moreover,  capable  of  experimental  proof.  We  had  a 
number  of  monkeys  in  the  laboratory,  one  of  which  happened  to  die,  and 
the  post-mortem  examination  was  not  niadc  until  about  12  hours  after- 
wards, when  the  contents  of  the  gall-bladder  were  examined  and  the 
colour  of  the  bile  was  found  to  be  a  fairly  deep  golden-red.  Next  day 
one  of  the  other  monkeys,  of  the  same  kind  as  the  first,  was  operated  on, 
under  an  anaesthetic,  and  before  the  death  of  the  animal  the  gall-bladder 
was  aspirated,  so  as  to  prevent  any  ingress  of  air,  when  we  particularly 
noticed  that  the  colour  of  the  bile  withdrawn  was  a  bright  olive-green. 

In  a  third  case,  which  we  had  the  opportunity  of  examining  between 
five  and  six  hours  after  death,  the  colour  of  the  bile  was  found  to  be 
intermediate  between  that  in  the  other  two  cases. 

Lauder  Brunton  states'  that  sulphurous  acid,  which  is  a  powerful 
deoxidizing  agent,  causes  alkaline  solutions  of  biliverdin,  especially 
when  warm,  to  bccouK^  yellow  ;  when  the  yellow  solution  is  treated  with 
nitric  acid,  it  behaves  just  like  a  solution  of  bilirubin. 

This  exi>criment  gives  a  clue  to  what  probably  takes  place  in  the 

1  Diseanes  of  the  Liver,  '  Jib,  p.  495. 
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body,  for  we  know  that  reduction  can  take  place  in  the  intestine,  as  is 
evidenced  by  the  presence  of  stercobilin  in  the  faeces,  which  is  acknow- 
ledged to  be  a  reduction  product  of  bilirubin,  and  if  this  change  be 
possible,  there  is  no  reason  why  a  change  of  biliverdin  into  bilirubin 
should  not  be  possible  also. 

The  usual  colour  of  biliary  vomit  is  certainly  a  dark  or  olive-green, 
and  Foster  suggests  that  this  is  due  to  oxidation  of  bilirubin  in  the 
stomach,  by  the  hydrochloric  acid  of  the  gastric  juice.  By  treating 
a  small  quantity  of  bile  containing  bilirubin,  with  an  excess  of  dilute 
HCl  of  *2  7o  ^^^  keeping  it  in  an  incubator  at  the  temperature  of 
the  body,  we  have  satisfied  ourselves  that  this  explanation  is  a  sufficient 
one. 

There  are,  however,  undoubtedly  instances,  particularly  in  the  case 
of  sea-sickness,  in  which  the  vomit  is  of  a  reddish  or  yellowish  tint, 
and  we  may  suppose  that  when  this  is  so,  the  bile  in  the  intestine,  rich 
in  bilirubin,  is  suddenly  regurgitated  upwards,  along  the  alimentary 
canal,  without  any  lengthened  stay  in  the  stomach,  tlio  colour  therefore 
not  having  undergone  any  change. 

Again,  Fagge*  states  that  in  long  conthuicd  jaundice,  the  liver  is 
found  to  be  stained  of  a  deep  green,  which  he  believes  to  be  due  to  the 
oxidation  of  the  bile  during  its  retention  in  the  tissues ;  but  in  our  case 
such  an  explanation  for  the  green  colour  of  the  secretion  certainly 
could  not  hold,  as  all  the  bile  was  drained  away  as  fast  as  formed, 
tliere  being  no  possibility  of  its  stagnating  at  any  part  of  its  course, 
since  after  death  the  gall-bladder  was  found  to  be  completely  atrophicil, 
its  calibre  not  being  greater  than  that  of  the  hepatic  duct. 

From  all  these  facts  it  is,  we  think,  a  fair  inference,  that  in  man, 
the  bile,  as  secreted,  is  normally  of  an  olive-green  colour,  due  to 
biliverdin, — bilirubin  being  present  in  comparatively  small  quantity, 
but  that  if  it  be  retained  in  the  bladder,  it  gratlually  undergoes 
a  change  in  colour  from  green  to  reddish-yellow,  from  the  reduction 
of  the  biliverdin  to  the  stage  of  bilirubin,  or  even  further  to  that 
of  hydrobilirubin,  when  it  becomes  of  a  brownish  tinge. 

When  poured  into  the  intestine,  these  changes  doubtless  take  place 
still  more  rapidly,  so  tliat  before  the  pigmentary  material  is  cast  ofT 
from  the  econom}'  in  the  faeces,  it  has  all  become  converted  into 
stercobilin,  which  is  believed  to  be  identical  with  hydrobilirubin. 

Under  certain  circumstances,  however,  this  change  from  biliverdin 

*  Principhi  and  practice  of  Medicine,  2nd  ed.  p.  506. 
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to  a  lower  stage  of  oxidation  does  not  take  place,  when  the  products 
of  doconipositiou  arc  prcsout  in  loss  quantity  than  usual,  as  during  a 

j  dietary  composed  largely  of  fruit  when  the  forces  are  found  to  bo  of  a 

dark  green  colour,  which  cannot  be  accounted  for  by  the  amount  of 

I  chlorophyll  taken  in  the  food.     Vegetarians,  or  those  who  live  on  a  diet 

made  up  for  the  most  pai-t  of  fruit  and  vegetables,  have  often  noted  also, 
that  under  these  circumstances  the  stools  are  completely  odourless, 
a  point  which  bears  out  our  contention,  as  to  the  causation  of  the 
different  colouration. 

The  reaction  of  the  bile  was  tested  on  several  occasions,  and  was 
always  found  to  be  faiintly  alkaline. 

The  specific  gravity,  as  is  always  the  case  with  fistula-bile,  was  very 
much  below  that  commonly  recorded  of  bladder-bile,  but  at  the  same 
time  was  somewhat  higher  than  that  observed  in  several  cases  of 
biliary  fistula,  ranging  from  10085  to  1*105  sp.  gr.  and  this  notwith- 
standing that  the  amount  poured  out  in  the  24  hours  was  so  very  much 
greater  thiin  in  any  former  record  of  such  estimations,  with  the  single 
exception  of  Murchison's  case. 

Tlie  total  amount  of  Solids  in  24  hours. 

The  total  solids  were  estimated  on  four  different  occasions,  in  each 
CISC  in  a  |>ortion  of  the  entire  amount  of  bile  passed  during  the  pre- 
vious 24  houiu  On  July  9th  the  amount  wfis  1'423%  which  is  more 
than  was  found  by  Yeo  and  Herroun  in  any  of  their  determinations,  and 
if  the  total  quantity  of  solids  present,  in  the  whole  of  the  bile  secreted 
during  24  hours,  be  taken  into  consideration,  the  amount  in  this  case 
was  more  than  double  that  in  theirs,  the  numbers  being  10'863...grms. 
and  50116...grms.  respectively. 

Even  this  amount,  however,  is  obviously  much  below  the  results 
arrived  at  in  the  analyses  of  bladder-bile,  and  yet  we  cannot  consider 
that  this  comparatively  small  percentage  of  solids  is  due,  as  has  been 
suggested,  to  any  change  in  general  metabolism  caused  by  the  operation 
which  was  the  initial  factor  in  the  production  of  the  fistula,  nor  to  the 
lowering  ollcct  of  disease,  for  the  doubhj  rea.son  that  the  amount  of 
Ihiid  secreted,  ;i8  has  been  mentioned  above,  appciirs  to  have  been  quite 
up  to  the  normal  standard  of  health,  as  nearly  as  that  can,  with  any 
certainty,  be  determined,  and  that,  so  far  from  there  being  any  increase 
of  marasmus  after  the  operation,  the  woman,  who,  on  admission  to  the 
)jiiM|)iUl,  wa:<  tjifi.'tciatod  as  tlie  result  of  the  suffering  she  had  under- 
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gone,  actually  began  to  put  on  flesh  immediately  afterwards,  on  one 
occasion  gaining  as  much  as  4  lbs.  in  a  single  week,  and  on  June  22nd, 
about  two  months  after  the  operation,  there  is  a  note  to  the  effect  that 
Dr  Bristowe  told  the  patient  that  she  was  getting  quite  rosy. 

We  are  thus  driven  to  the  conclusion  that  the  difference  must  be 
accounted  for  in  the  way  suggested  by  Schiff  and  others;  that  there  is 
normally  a  bile  circulation  going  on  in  the  body,  a  large  quantity,  at  any 
rate  of  the  bile-salts  which  pass  into  the  intestine,  being  reabsorbed  and 
yet  again  secreted.  This  view  is  supported  by  the  fact  that  cholalic 
acid  is  found  in  very  small  quantity  only  in  the  faeces.  Such  a  circula- 
tion of  the  bile-salts  would  obviously  be  impossible  in  a  case  like  the 
present. 

As  was  mentioned  above,  it  was  found  that  on  treating  the  patient 
with  pills  of  concentrated  (^-gall,  a  slightly  increased  flow  was,  for  a 
time,  obtained,  but  if  the  question  is  a  mere  one  of  circulation,  it  is 
obvious  that  the  amount  given  (10  grs.  ter  die)  was  quite  insufficient  to 
raise,  in  any  appreciable  degree,  the  percentage  of  solids  in  the  bile. 

Another  point  in  favour  of  the  view  advocated,  is  found  in  the  fact 
that  the  liver  was  apparently  perfectly  healthy,  no  evidence  of  ilisojiso 
being  found  after  death.  Consequently  it  is  to  be  presumed  that  it  was 
competent  to  perform  its  normal  functions;  a  proof  that  this  was  so 
being,  that  both  urea  and  uric  acid  were  found  in  normal  quantity  in 
the  urine,  and  it  is  thus  fair  to  suppose  that  the  bile-salts  were  also 
manufactured  in  normal  amount,  the  reason  for  their  low  percentage  at 
any  one  time  being  that  they  were  drained  off  in  the  bile,  as  soon 
as  formed,  instead  of,  at  any  rate  in  part,  finding  their  way  back  to  tlic 
liver. 

It  has  been  found  by  Bidder  and  Schmidt*  that  the  percentage  of 
solids  of  the  freshly  secreted  bile  from  a  temporary  fistula  fell  from 
6*6 7o  ^  38 7o  ii^  two  hours,  and  much  sti^ess  has  been  laid  on  this 
observation,  and  others  corroborating  it,  as  disproving  the  idea  of  a  bile- 
circulation,  but  it  seouis  to  us  ralhor  to  support  it  than  ollierwiso,  for  it 
is  hardly  likely  that  in  so  short  a  time  the  functional  activity  of  the 
liver  would  be  destroyed  to  any  great  extent,  whereas  the  impossibility 
of  any  of  the  amount  of  bile-salts  formed  doing  duty  a  second  time 
would  soon  reduce  their  apparent  production  to  the  extremely  low  and 
nearly  dead  level  observed  in  a  permanent  fistula,  we  having  found  the 
amount  to  vary  within  very  small  extremes  during  weeks  of  obser- 
vation. 

*  Die  Verdauungsa&fUf  (&c. 
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It  seems  probable  that  the  large  difference  in  the  amount  of  solids 
between  bladder-bile  and  that  obtained  from  a  fistula,  may  be  caused,  to 
even  a  greater  extent,  by  a  considerable  portion  of  the  fluid,  originally 
secreted,  being  absorbed  during  its  sojourn  in  the  gall-bla<lder,  for 
although  Hoppe-Seyler'  objects  that  this  theory  requires  the  assump- 
tion that  the  mucous  membrane  of  the  bladder  has  a  special  absorbent 
and  selective  property,  still  it  has  on  many  occasions,  as  in  Mur- 
chison's  case,  quoted  above,  been  noticed  that  where  the  cystic  or 
common  ducts  have  Ix'conie  blocke<l  in  any  way,  the  gall-bladder,  when 
opened  at  a  later  i)eriod,  has  always  contiiined  a  iluid  in  which  neither 
bile-salts  nor  pigment  wore  to  be  found,  having  been  evidently  replaced, 
after  absorption  by  the  mucous  secretion  of  the  lining  membrane  of  the 
gall-bladder.  In  the  present  case  there  was  a  blocking  of  the  common 
duct,  but  the  cystic  duct  was  patent,  and  yet  the  bladder  contained  a 
ihiid  which  had  none  of  the  characters  of  bile. 

It  also  seems  likely  that  simple  physical  diffusion  may  account  for 
the  removal  of  a  portion  of  the  water,  since  the  specific  gravity  of  the 
bile  is  very  much  lower  than  that  of  the  blood,  and  we  know  that  the 
walls  of  the  gall-bladder  are  very  richly  supplied,  both  with  lymphatics 
and  blood-vessels,  especially  near  the  surface  of  the  mucous  membrane. 

Quantitalive  Estimation  of  tlie  Solid  CoimtituefUs, 

The  determination  of  the  solids  wiuj  made  by  the  method  suggested 
by  Dr  Charles',  which  is  based  on  that  of  Qorup-Besanez. 

Twenty  grams  of  the  bile  were  weighed  out  in  a  capsule,  and  after 
evaporating  to  dryness,  the  residue  was  heated  for  some  time  at  110"^  to 
ensure  complete  dessication.  The  weight  on  cooling  gave  the  total 
Solids. 

The  dry  mass  was  then  exhausted  with  absolute  alcohol,  and  the 
insoluble  residue,  consisting  of  mucin,  a  little  pigment,  and  insoluble 
salts,  was  dried  and  weighed  as  before.  The  salts  were  obtained  quite 
free  from  organic  matter  by  careful  incineration  of  this  residue  and  were 
then  weighed. 

The  salts  of  the  biliary  acids  were  precipitated  in  the  crystalline 
form  by  evaporating  the  alcoholic  extract  to  small  volume,  adding 
excess  of  ether  and  allowing  the  mixture  to  stand  for  several  days,  this 

>  Phy»ol.  Ghem,  §  310,  1878. 
*  PhtjHioL  a  hem.  p.  204. 
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process  being  repeated  five  or  six  times.  They  were  then  dissolved  in 
a  little  alcohol,  evaporated  in  a  capsule,  dried  and  weighed. 

Cholesterin,  fat,  and  lecithin  were  obtained  by  distilling  the  ethereal 
extract  and  well  drying  the  residue  over  sulphuric  acid,  but  their  quan- 
tity was  so  small  that  no  attempt  was  made  to  determine  their  several 
amounts. 

A  number  of  estimations  were  made  with  specimens  of  bile  passed 
on  different  days.  These  all  agreed  very  closely,  and  chiefly  differ  from 
that  of  Yeo  and  Herroun*  in  the  amount  of  bile-salts  present,  which 
was  much  greater  in  the  present  case  than  in  theirs. 

The  following  table  gives  the  percentage  composition  of  a  specimen 
(if  the  bile,  which  contained  1'42J}  7o  ^^^  solids,  jxa  C()ni[>arcd  with 
Frerich's  analysis  of  supposed  normal  bile. 

OuneWes     i     Frerioh 

Sodium  glycocholate  \ 

Sodium  taurocholate  j 

Cliolestcrin,  Lecithin  and  Fat 

Mucus 

Pigment 

Inorganic  Salts 


Water  (by  difference) 


•628 

•099 
•1726 
•0725 
•451 

' 
1 

914 

M8 
2^98 

•78 

1423 
98^577 

14  08 
85-92 

100^000 

100-00 

The  It6le  of  the  Bile  in  Digestion, 

The  part  played  by  the  bile,  in  the  various  processes  of  digestion 
taking  place  in  the  intestine,  is  usually  divided  under  the  following 
heads : — 

.1.  The  neutralization  of  the  acid  chyme  and  the  precipitation  of  the 
parapoptoneSi  and  with  them  the  popsin. 

2.  The  emulsification  of  fats. 

3.  *  It  influences  pancreatic  amylotic  digestion. 

4.  It  aids  absorption,  particularly  of  fats. 

5.  It  excites  peristaltic  action,  and  the  abundant  supply  of  water 
and  mucus,  moistens  and  lubricates  the  faeces,  and  so  facilitates  their 
evacuation. 


>  This  JmmmU  Vol.  v.  p.  122. 

*  Martin  and  Daw  son  Williams,  Proceedings  of  Phym'ohyical  Sac,  1888. 
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G.     It  acts  as  an  antiseptic. 

As  the  case  under  consideration  throws  some  light  on  these  points, 
it  will  be  well  to  consider  them,  more  especially  the  last,  a  little  in 
detail. 

Curiously  enough,  throughout  the  whole  course  of  the  illness  the 
patient  appears  never  to  have  suffered  from  constipation,  the  fsBces 
being  of  the  colour  and  consistence  of  thin  mortar. 

The  whole  of  the  excreta,  passed  duriog  the  24  hours,  was  collected 
and  examined  on  two  or  three  different  occasions,  when  it  was  found,  as 
might  have  been  expected,  that  they  contained  a  considerable  amount  of 
fats,  once  rather  more  than  18  7o>  showing  that,  in  the  absence  of  the 
bile,  the  pancreatic  juice  is  not  able  to  complete  their  digestion.  To 
test  this  matter  still  further,  Dr  Bristowe  ordered  half  a  pound  of 
butter  to  be  taken  with  the  meals  in  the  course  of  the  day,  but  in  con- 
SiMiuenco  of  the  inlonso  nausea  and  vomiting  which  ensued  it  was  not 
persisted  in. 

The  amount  of  undigested  proteid  material,  however,  was  insignificant, 
so  that  the  pancreatic  juice  was  apparently  able  to  deal  satisfactorily 
with  any  proteids  which  had  escaped  the  action  of  the  stomach.  It 
<'i])peai's  that  the  pancreas  must  have  been  stimulated  by  the  presence  of 
the  acid  chyme  in  the  duodenum,  to  pour  out  a  more  abundant  secretion 
than  usual,  and  since,  when  this  is  the  case  with  any  gland,  the  percentige 
of  inorganic  salts  remains  about  the  same,  or  may  even  be  increased, 
the  sodium  carbonate  would  be  sufficient  in  quantity  to  neutralize  the 
products  of  gastric  digestion  (1  c.c.  of  pancreatic  juice  neutralizing  'i  c.c. 
of  the  gastric  secretion),  and  so  allow  its  s})ecial  ferment  to  act  normally 
on  the  proteids  present. 

There  were  never  any  symptoms  of  dyspepsia,  with  the  exception  of 
the  special  occasion  referred  to  above,  and  the  patient  had  a  voracious 
«n])petite,  often  complaining  that  she  had  not  sufficient  food.  This 
symptom  is  interesting,  since  it  has  been  fuund  experimentally,  that  dogs, 
in  which  a  biliary  fistula  has  been  formed,  require  a  larger  quantity  of 
food  to  maintain  their  nutrition  than  before,  more  proteid  material 
having  to  be  broken  up  to  supply  the  fat  necessary  for  the  organism. 

Although  pancreatic  digestion  was  obviously  interfered  with,  as  far  as 
regards  the  assimilation  of  fats,  the  patient's  health  did  not  suffer  on  this 
account,  but  on  the  contrary,  as  has  been  stated,  she  gained  in  strength 
aud  in  actual  body-weight  during  the  time  she  was  in  the  hospital. 
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The  Bile  as  an  Antiseptic, 

The  statement  that  bile  acts  as  an  antiseptic,  is  to  be  found  in  all  the 
text  books,  and  apparently  depends  on  the  fact  that  when  the  bile  is  in 
any  way  prevented  from  entering  the  dnodennm,as  in  the  various  forms 
of  jaundice,  or  when  it  is  deficient  in  quantity,  the  evacuations  are  often 
extremely  fetid,  from  the  contents  of  the  intestine  undergoing  changes 
different  to  those  which  occur  in  a  normal  condition. 

Out  of  the  body  its  presence  hinders  various  putrefactive  processes* 
especially,  as  has  been  remarked  on  numerous  occasions,  in  the  liver 
itself;  for  this  organ,  particularly  if  obtained  post-mortem  from  a  case 
of  obstructive  jaundice,  so  that  it  contains  an  excess  of  bile,  may  be  kept 
for  a  considerable  time,  even  in  warm  weather,  without  undergoing  any 
putrefactive  change.  It  should  however  be  remembered  that  other 
organs  resist  this  process  even  more  successfully,  since  according  to 
Taylor,  Guy  and  Ferrier,  Husband,  and  other  writers  on  forensic 
medicine,  the  uterus  particularly  can  be  recognized  long  after  all  tho 
other  organs  have  disappeared. 

It  is  also  noteworthy,  that  bacteria  abound  and  thrive  in  tho 
intestine,  and  that  bile  itself  will  putrefy  if  left  for  a  time  exposed  to 
the  air. 

Dr  Sherrington,  moreover,  had  made  the  observation  that  Koch's 
cholera  bacillus,  the  spirillum  from  Indian  cultures,  £  berth's  and 
Ribbert's  bacilli,  all  grew  vigorously,  when  inoculated  into  sterilized 
ox-bile,  and  into  nutrient  gelatine  to  which  had  been  added  an  equal 
quantity  of  ox-bile.  It  was  therefore  determined  to  carry  out  some 
experiments,  with  tho  object  of  asccrttxining  whether  the  univci-sally 
accepted  view  as  to  the  antiseptic  powers  of  the  bile  had,  in  the  case  of 
man,  any  foundation  in  fact  or  not. 

To  this  end  a  number  of  tubes  of  bile  were  sterilized,  and  afterwards 
inoculated  with  organisms  of  various  kinds,  both  pathogenic  and  other- 
wise, but  this  method  was  stibsequently  abandoned  for  one  that 
appeare<l  to  be  capable  of  affording  more  accurate  results.  It  seemed 
possible  that  as  the  bile  contains  so  small  a  quantity  of  organic  material, 
growth  might  not  be  possible,  even  supposing  that  no  actual  restmn- 
ing  influence  were  present,  while  at  the  same  time  a  fluid  medium  is  not 
usually  at  all  satisfactory  for  bacteriological  work. 

With  the  object  of  doing  away  with  these  objections,  and  at  the 
same  time  obtaining  control  cultivations,  tubes  containing  nutrient 

1  Foster's  Thy»xology,  4tb  ed.  p.  250. 
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gelatine  were  used.  Some  were  merely  filled  with  jelly  prepared  in  the 
usual  manuer,  while  in  others  a  portion  of  the  water  used  was  replaced 
by  varying  but  definite  amounts  of  bile  obtained  from  the  fistula,  30  */,, 
and  (50  7o  <>f  l>"c  being  the  quantities  gcncmlly  used.  Some  tubes 
however  were  used  which  contained  a  jelly  made  entirely  with  bile 
without  the  addition  of  any  water  beyond  that  contained  in  the  secre- 
tion.    The  amount  of  gelatine  used  in  every  case  was  10  7o* 

The  great  difficulty  in  preparing  this  nutrient  bile-gelatine  was  to 
obtain  it  sufficiently  clear,  but  this  was  accomplished  by  filtering  through 
doubled  paper  in  the  hot  funnel,  if  necessary  sevei*al  times  over,  gresit 
care  being  taken  not  to  allow  the  temperature  to  rise  any  higher  than 
was  necessary. 

The  resulting  material  was  of  a  light  greenish-brown  colour,  and  in 
successful  cases,  quite  transparent- 
Seeing  that  the  bile  obtained  from  this  case  was  evidently  very 
much  more  dilute  than  that  which  is  normally  poured  into  the  intestine, 
we  finally  made  use  only  of  the  jelly  made  from  the  fistula-bile  without 
any  further  addition  of  water. 

Some  of  the  results  of  the  inoculations,  which  in  each  case  were  made 
both  in  bile-gelatine  and  also  in  ordinary  nutrient  jelly  as  a  control 
experiment,  are  shown  in  the  following  table. 


No.  of 
tube 

Organism  inoculotod 

Medium 

KcBults 

39 

Anthrax 

Bile-gelatine 

slight  growth  in  2  days 

40 

Anthrax 

Gelatine 

rather  less  in  2  days 

3 

Anthrax 

Bile-gelatine 

complete    liquefaction    in 
weeks 

3 

4 

Anthrax 

Gelatine 

ditto  in  5  weeks 

49 

Finkler  and  Prior's 
spirillum 

Bile-gelatine 

good  growth  in  6  days 

48 

Finkler  and  Prior's 
spirillum 

Gelatine 

good,  but  slightly  less  in 
days 

6 

28 

Rabbit  SepticsBmia 

Bile-gelatine 

fair  growth  in  6  days 

29 

Habbit  Septicaemia 

Gelatine 

same  amount  of  growth  in 
days 

2 

30 

.Bact<!rinm  pnKligiosum 

Bilo-gelatino 

fair  growth  in  3  days 

37 

Ksictcrium  pruUigiosum 

Gchitiuo 

very  slight  in  3  tlays 

50 

Decouiposing  scrum 

Bile-gelatine 

good  growth  in  7  duys 

51 

Decomposing  serum 

Gelatine 

good  gmwth  in  24  l^ours 

44 

Putrid  meat  infusion 

Bile-gclatino 

fair  surface  growth  in  3  days 

43 

Putrid  moat  infusion 

Gelatine 

good  growth  in  3  days 

35 

Coccus  from  J^ilo 

Bile-gelatiuc 

very  slight  growth  in  5  days 

31 

Coccus  from  Lilo 

Gelatine 

good  growth  in  2  days 
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In  not  a  single  instance  was  growth  altogether  prevented  by  the 
presence  of  the  bile. 

Similar  results  were  obtained  with  bile-gelatine,  made  from  human 
bile,  obtained  from  the  gall-bladder  post-mortem,  although,  with  equal 
percentages,  the  results  were  somewhat  more  marked,  this  being  doubt- 
less due  to  the  greater  concentration  of  the  bile  in  this  case. 

Experiments  were  also  carried  out  with  nutrient  gelatine  in  which 
ox-gall  was  substituted  for  the  human  bile  previously  employed,  with 
the  object  of  comparing  their  action  on  bacteria,  and  in  this  case  again 
the  results  were  found  to  be  the  same. 

It  is  usually  stated,  that  the  so-called  antiseptic  power  of  the  bile  is 
due  to  the  presence  of  the  bile-salts,  and  since  bile  undoubtedly  doijs 
possess  a  slight  restraining  effect  on  ordinary  putrefactive  organisms,  as 
is  shown  by  the  table,  experiments  are  being  conducted  with  the  object 
of  determining  whether  this  be  so,  and  if  it  be,  whether  glycocholic  or 
taurocholic  acid  is  the  more  important  in  this  respect,  but  the  results 
must  be  reserved  for  a  future  communication. 

Although  the  bile  evidently  remained,  from  first  to  last,  free  from 
the  slightest  sign  of  decomposition,  still,  on  inoculating  a  drop  of  it  into 
nutrient  jelly,  with  every  precaution  for  preventing  ingress  of  germs,  a 
growth  was  obtained  in  each  case,  the  nature  of  which  has  not  yet  been 
accurately  determined.  Consequently  spores  must  have  been  present  in 
it,  which  may  have  originally  made  their  way  from  the  intestine,  but 
which  were  rendered  dormant,  although  not  killed,  by  the  slight  anti- 
putrefactive power  of  the  bile. 

Tubes  were  also  inoculated  with  the  contents  of  the  g«all-bla<ldor  of 
guinea-pigs,  obtained  with  the  strictest  antiseptic  precautions,  and  in 
these  cases  also,  a  slight  growth  resulted  along  the  track  of  the  needle 
after  some  lapse  of  time. 

These  experiments  show  most  conclusively  that  the  bile  cannot  be 
regarded  as  an  antiseptic  in  the  strict  sense  of  the  term,  although  it 
doubtless  has  some  effect  although  not  a  very  powerful  one  in  prevent- 
ing ordinary  putrefactive  processes. 


Tlie  Relation  of  the  Bile  and  Urinary  Pigments, 

It  is  a  well-known  fact,  that  in  old  blood-clots,  particularly  in  the 
brain,  crystals  of  a  brown  colour,  and  consisting  of  a  body  termed  ha^ma- 
toidin,  not  utifrcqucntly  occur.     This  body  is  believed  to  be  identical 
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vritli  bilirubin,  tbc  colouring  matter  of  the  bile,  and  also  with  irou-frco- 
lurinatin,  which  may  be  obtpained  exi>crj  men  tally  from  the  ha3moglobin 
of  the  blood. 

Bilirubin,  cOgain,  when  reduced  by  means  of  sodium  amalgam,  gives 
rise  to  hydrobilinibin,  which  is  probably  identical  with  urobilin,  the 
most  important  of  the  urinary  pigments,  since  they  both  present  pre- 
cisely similar  spectroscopic  appearances,  and  it  has  been  suggested  that 
this  change  normally  takes  place  in  the  alimentary  canal ;  a  portion,  at 
any  rate,  of  the  pigment  of  the  bile,  when  poured  into  the  duwlcnum, 
becoming  converted  through  the  agency  of  hydrogen  or  other  reducing 
agents  there  present^  into  hydrobilirubin,  which  is  then  again  absorbed 
through  the  walls  of  the  intestine,  carried  again  to  the  liver,  so  into  the 
general  circulation  and  finally  to  the  kidneys,  where  it  is  eliminated 
with  the  urine. 

This  theory  of  reduction  in  the  intestine  may  perhaps  be  suflicient 
t4)  iiccount  for  the  formation  of  stercobilin,  the  faecal  pignient,  which  is 
also  considered  to  be  a  reduction  product  of  bilirubin,  but  it  certainly 
does  not  appear  to  be  in  accordance  with  facts  observed  in  the  case  now 
under  discussion,  as  far  as  the  urobilin  is  concerned. 

The  urine  was  repeatedly  examined,  and  the  amount  of  its  chief 
c<mstituents  carefully  determined.  Except  on  a  few  occasions,  when  the 
patient  w;ks  not  so  well  as  usual,  it  wjuj  perfectly  clear  when  passiul, 
containing  no  albumen,  and  being  usually  somewhat  high-coloured  even 
when  no  trace  of  bile-pigment  was  present.  Indican  was  conspicuous 
by  its  absence.  The  following  table,  showing  the  composition  of  the 
urine  passed  during  24  hours  on  the  8th  and  9th  of  July,  agrees  very 
closely  with  the  determinations  on  other  days. 

Total  amount  905  c.c, 
„     urea         2*V5  grms. 
„     uric  acid      '200  grms. 
Specific  gravity  1018,  reaction  acid. 

This  amount  (31  ozs.)  however  does  not  account  for  all  that  was 
passed,  as  some  was  unavoidably  lost  with  the  faeces. 

For  several  weeks  before  the  date  of  this  analysis,  the  whole  of  the 
bile  hiid  drained  olF  from  tlie  fistula  as  soon  as  formed,  it  having  been 
proved  by  repeated  examinations  that  it  was  completely  absent  from  the 
fajces  and  urine. 

Since  then,  no  bile  found  its  way  into  the  intestine ;   it  appears 

»  Uh.  p.  499. 
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obvious  that  in  this  case  the  urobilin  could  not  be  formed  from  bile- 
pigment,  in  the  manner  usually  stated,  and  yet  the  urinary  pigment  was 
by  no  means  deficient  in  quantity. 

A  plausible  explanation  of  these  facts  seems  to  be,  that  biliverdin, 
bilirubin,  and  hydrobilirubin,  are  all  formed  in  the  liver,  either  from 
haemoglobin  or  some  closely  allied  body ;  not  the  one  from  the  other, 
but  by  a  slight  divergence  of  metabolism,  such  as  must  take  place  in  the 
simiiltaneous  formation  of  urea,  and  of  uric  acid,  a  less  oxidized  body ; 
the  liver  cells  by  virtue  of  an  inherent  selective  power  retaining  the 
bilirubin  or  biliverdin  and  then  extruding  it  int<)  the  primitive  bile- 
ducts,  while  the  hydrobilirubin  finds  its  way  into  the  circulation,  and  is 
p:ussod  out  of  the  system  ius  urobilin  by  the  ivnal  epilhcliuin,  which  lias 
of  itself  no  power  of  converting  the  one  substance  into  the  other,  as  is 
proved  by  the  fact,  that,  in  cases  of  obstructive  jaundice,  the  excess  of 
bile-pigment,  which  passes  into  the  circulation,  appears  in  the  urine  as 
such  and  not  as  urobilin. 

So  also,  when  solutions  of  hajmoglobin,  or  of  any  substances  which 
will  liberate  haimoglobin  from  the  corpuscles,  such  as  bile-acitls  or  aether, 
are  injected  into  the  vessels,  a  quantity  of  bile-pigment  is  often  formc^d, 
a  portion  of  which  appeal's  in  that  form  in  the  urine. 

The  blood,  moreover,  is  known  to  possess  no  reducing  power,  so  that 
we  are  brought  back  to  the  consideration,  that  the  birthplace  of  the 
urobilin,  like  that  of  the  bile-pigments,  must  be  the  liver. 

If  this  be  the  case,  it  is  not  astonishing  that  the  urinary  pigment 
wjis  not  apparently  decrenscd  in  the  present  c:i.so,  since  there  is  no 
reason  for  supposing  tiiat  the  functions  of  the  liver  were  in  any  way 
suspended,  the  analysis  of  the  urine,  given  above,  showing  that  Inith  urua 
and  uric  acid  were  present  in  about  the  normal  quantity,  while  it  should 
also  be  remembered  that  the  liver,  when  examined  after  death,  appeared 
quite  healthy. 

It  may  l>e  objected  that  urobilin  is  not  the  only  colouring  matter  of 
the  urine,  and  although  this  is  doubtless  the  case,  the  matter  is  still 
sub  judice  and  requires  further  investigation.  However,  McMunn' 
states  that  urobilin  is  constantly  present  in  every  specimen  of  human 
urine  in  health,  and  that  when  this  fluid  is  high-coloured,  the  absorption 
band  of  urobilin  at  F  is  dark,  while  the  band  is  feeble  when  the  colour 
is  light,  thus  showing  that  differences  in  the  tint  of  the  urine  certainly 
correspond  to  similar  differences  in  the  amount  of  urobilin  present 

'  The  Spectroicojte  in  Medicine,  p.  1G7. 
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Summary, 

As  the  result  of  our  observations,  we  have  arrived  at  the  following 
conclusions : — 

1.  The  normal  amount  of  bile  secreted  by  the  liver  is  about  48  ozs. 
or  2^  pints  per  diem  in  a  man  of  12  stone. 

2.  The  rate  of  flow  varies  in  accordance  with  the  time  of  ingestion 
of  food ;  there  being  usually  a  rise  between  one  and  two  hours  after  a 
nioal.  The  secretion,  niortHivcr,  is  n<»t  a  continuous  one,  the  bile  being 
extruded  into  the  gall-bladder  by  repeated  peristaltic  contractions  of  the 
bile-ducts. 

3.  The  colour  of  the  bile  in  man  is  probably  always  of  an  olive-green, 
biliverdin,  and  not  bilirubin,  being  the  pigment  which  is  present  in 
greatest  quantity. 

4.  The  amount  of  solids  pre^sent  is  normally  about  1 0  7o*  this  percen- 
tage being  kept  up  by  a  continuous  reabsorption  of  bile-salts  from  the 
intestine,  following  on  their  secretion ;  the  specific  gravity  of  the  bile 
falling  when  it  is  drained  away  as  fast  as  formed,  as  occurs  in  a  fistula. 
The  amount  may  also  be  increased,  after  the  bile  is  first  formed,  by 
absorption  of  water  through  the  walls  of  the  gall-bladder. 

5.  Bile  is  necessary  to  the  assimilation  of  fats,  but  not  absolutely  so, 
although  doubtless  of  use,  for  that  of  proteids.  Its  purgative  action  is 
more  than  doubtful. 

6.  The  bile  has  no  true  antiseptic  action,  although  it  is  able  to  a 
small  extent  to  control  putrefactive  changes. 

7.  Stercobilin  probably  is  formed  by  reduction  of  the  bile-pigments 
in  the  intestine,  but  urobilin  appears  to  be  formed  in  the  liver,  together 
with  the  bile-pigments,  by  a  slight  change  of  metabolism. 


EXPLANATION   OF  PLATE  XXI. 

The  curve,  which  shows  the  variations  in  the  flow  of  bile  fi-om  the  fistula, 
during  24  hours,  was  built  up  by  dii'ect  moasuromcnt,  every  hour  throughout 
the  day  ami  night,  of  the  anu)unt  secreted  during  the  preceding  hour.  It 
d(K!8  not  r«prc«out  the  nito  of  flow  during  any  one  day,  hut,  as  stated  in  t];o 
text,  is  the  mean  of  several  observations. 
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CEREBRO-SPINAL  FLUID.  By  W.  D.  HALLIBURTON, 
M.D.,  B.Sc,  Assistant  Professor  of  Physiology,  University  College, 
London, 

(From  the  Physiological  Laboratory ^  University  College,  London,) 

During  the  last  few  years,  I  have  liad  raany  opportuinties  of 
examining  various  pathological  fluids,  removed  by  paracentesis,  and 
among  these  I  have  been  able  to  obtain  a  few  specimens  of  cerebro- 
spinal fluid,  removed  either  from  meningocceles,  or  from  cases  of  hydro- 
cephalus. 

In  the  present  paper  I  shall  give  the  results  of  my  examination  of 
these  hist  mentioned  fluids,  reserving  for  a  later  contribution  an  account 
of  the  fluids  remove<l  from  serous  cavities.  It  seems  to  be  advisable  to 
make  this  separation,  because  in  several  points  ccrebro-spinal  fluid 
differs  very  markedly  from  the  fluids  found  in  the  serous  cavities.  The 
fluids  in  the  serous  membranes  are  in  health  present  in  very  small 
quantity,  and  our  knowledge  concerning  them  is  derived  almost  entirely 
from  cases  of  disease  in  which  owing  either  to  a  disturbance  of  the  vascular 
system,  or  a  change  in  the  blood  itself  (anaemia),  thoy  arc  increased  in 
quantity.  An  examination  of  these  fluids  shows  that  like  normal  lymph 
they  are  transudations  from  the  blood,  and  may  be  briefly  described  as 
diluted  blood  plasma. 

But  with  cerebro-spinal  fluid  it  is  different ;  the  fluid  in  the  cerebro- 
spinal canal  is  in  direct  communication  with  that  in  the  sub-arachnoid 
cavity  by  mraiis  of  the  foranion  of  Magendie.  The  situation  of  the  lluid 
in  question  is  thus  anatomically  very  different  from  that  of  the  fluids  con- 
tained in  the  cavities  of  serous  membranes.  The  arachnoid  membrane 
has  certainly  by  some  been  described  as  a  serous  membrane,  but  from  the 
point  of  view  both  of  anatomy,  and  of  embryology ,  there  is  no  justification 
for  classifying  it  with  such  membranes.  The  fluid  also  appears  to  be 
under  different  mechanical  relations  to  the  parts  which  it  bathes ;  there 
is  not  merely  sufficient  to  moisten  the  membrane,  but  judging  from 
experiments  on  animals,  in  which  the  spinal  cord  is  exposed,  it  seems  to 
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be  present  \u  suSicient  quantity  to  exert  a  considerable  amount  of 
pressure.  There  have  also  never  been  described  any  stoniata  such 
as  occur  in  true  serous  membranes,  by  which  the  fluid  is  brought  into 
direct  communication  with  the  interior  of  the  vascular  syntem,  vUi  the 
lymphatic  channels;  and  lastly,  the  fluid  itself  is  not  merely  dilute  lymph, 
but  has  certain  special  characteristics  of  its  own;  it  will  be  the  object  of 
the  remainder  of  this  paper  to  put  this  last  point  more  fully  in  reference 
to  my  own  experiments;  I  think  we  shall  see  in  conclusion,  that 
(J.  Schmidt  was  justifieil  in  chussifying  cerebro-spinal  fluid  not  with 
transudations,  but  rather  with  secretions.  This  conclusion  will  however 
be  based  upon  different  grounds  from  those  of  Schmidt.  I  shall  not 
enter  at  all  into  the  question  whether  the  epithelium  of  the  cerebro- 
spinal canal  is  concerned  in  elaborating  or  secreting  the  fluid  contained 
in  that  cavity. 

I  am  indebted  for  my  specimens  chiefly  to  Mr  R.  W.  Parker;  these 
were  removed  from  cases  occurring  in  his  practice  at  the  East  London 
Hospital  for  Children.  I  have  also  received  a  few  specimens  from  Dr 
Ringer,  Mr  A.  E.  Barker  and  Mr  V.  llorsley  from  cases  in  University 
College  Hospital,  from  Dr  Penrose  from  cases  at  the  Hospital  for  Sick 
Children,  Great  Ormoud  Street  and  from  Mr  S.  G.  Shattock,  to  all  of 
these  gentlemen,  I  beg  to  offer  my  sincerest  thanks  for  the  a-sistance 
they  have  thus  given  me. 

The  first  three  specimens'  I  examined  were  from  cases  of  spina 
bifida;  these  I  chiefly  devoted  to  determining  the  proportions  of  the 
toUil  solids  and  water,  and  of  the  chief  chisses  of  solids  present. 

Case  1.  Female  set.  19  years.  Fluid  faintly  opalosceut,  faintly  alkaline; 
specific  gravity  1007. 


Parts  per  1000. 

Water 

989-75 

S(>lids 

10-25 

Proteids  * 

0-842 

Beduciiig  substance  (estimated  as 

dextrose) 

0-002  (approximato) 

Extractives  and  soluble  salts 

9-406 

Insoluble  sidts 

0-218 

1  The  fluid  from  Case  1  was  sent  to  me  by  Mr  S.  G.  Shattock,  and  from  Cases  2  and 
H  by  Mr  B.  W.  Parker.  The  results  of  these  throe  analyses  have  been  already  published 
ill  the  lleport  of  the  Spina  Bifida  Committee,  Vol.  zvii.,  Clinical  SocieUft  'fratuMciioua, 
1885. 

'  Estimated  by  weighing  tlie  pi-eoipitate  produced  by  adding  a  large  excess  of  absolute 
alcuht)]. 
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Cask    2.      Female    OBt.    11    days.      Lumbo-sacral    gpina    bifiila.      First 
tapping. 

Fluid  perfectly  clear ;  faint  yellow  tinge  ;  reaction  slightly  alkaline. 

Parts  per  1000. 

"Water  910-877 

Solids  10123 

ri-()Uii<l8  1  (502 

Reducing  substance  traces 

Extractives  0-631 

Soluble  salts  7*544 

Insoluble  salts  0*346 

Case  3.     Male  cet.  13  weeks.     Fourth  tapping;  iodine  had  been  injecto.1 
on  three  previous  occasions. 

Fluid  perfectly  clear,  colourless,  faintly  alkaline. 

Parts  per  1000. 

Water  991*658 

Solids  8*342 

Protoids  0199 

Iloducing  substauco  0'165    (reckoned  as  dextroso) 

Other  exti'activos  2*863 

Soluble  salts  4*776 

Insoluble  salts  0*339 

Tabular  statements  of  this  kind  however  do  not  show  anything 
characteristic  of  the  fluid  examined.     They  show 

( 1 )  A  very  small  percentage  of  proteids. 

(2)  A  proportion  of  inorganic  salts  approximately  o(]nal  to  that  in 

the  blood,  lymph,  and  transudations  generally. 

(3)  A   small   proportion   of  a   substance  which   reduces  *  alkaline 

solutions  of  copper  salts  like  sugar. 
But  all  these  characteristics  might  be  equally  well  possessed  by  a 
dilute  transudation  such  as  occurs  in  oedema  of  the  subcutaneous  tissues: 
in  many  cases  of  subcutaneous  ccdema,  there  is  often  a  small  perccnUigo 
of  sugar  as  in  lymph  generally*. 

^  For  sngar  in  lymph  see  v.  Mering,  Ludwig'i  Arbeitent  1877;  in  peritoneal  fluid, 
Cobrat,  Ijyon  m£d,  1876,  No.  15;  Lupine,  Ga%,  mid.  de  Paris,  1876,  p.  123;  Quincke, 
Jifrl.  med,  Woehentch,  1870,  No.  .38;  Moscatclli,  Zeitsch,  fUrphysiol.  Ghent,  xiii.  p.  202 
(in  innny  of  these  casos  iho  fluid  was  oblainctl  from  cascH  of  liver  cirrhosis,  which  is 
occAHionally  accompanied  with  a  mild  degree  of  glycosuria) ;  in  pleuritic  fluiil,  Kichhorsl, 
XeiUch.  /.  klin.  Med.  in.  p.  537  ;  in  oedema  fluid,  A.  Ko  sen  bach,  Brefluuer  arztl.  ZeiU 
1R8.5,  No.  5.    In  all  these  coses  it  secniH  to  be  really  sugar  that  is  present;  that  is  a 
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The  peculiarity  of  cercbro-spiual  fluid  lies  in  the  quality  not  tlie 
quantity  of  proteids  tliat  arc  present,  and  in  the  fact  that  the  reducing 
substance  present  is  not  sug«ar,  but  something  else. 

Ijeforc  proceoiling  however  to  give  my  final  conclusions,  it  will  be 
convenient  to  state  briefly  the  experiments  performed  with  each  of  the 
specimens  in  the  order  in  which  they  have  come  under  my  notice. 

Case  1.     Quantitative  analysis  already  given. 

Proteids,  Boiling  the  liquid  after  rendering  it  faintly  acid  produced  a 
ftniall  amount  of  flocculent  procipitato.  Saturating  another  portion  witli 
niaguesium  sulpbato  produced  a  pi-ecipitate :  the  procipitato  was  wasluKJ, 
collected  and  redissolved ;  the  solution  was  opalescent :  on  heating  it,  coagu- 
lation occurred  at  75®  0. 

On  filtering  off  the  precipitate  produced  by  magnesium  sulphate,  a  clear 
filtrate  was  obtained  ;  on  boiling  this,  after  the  addition  of  a  few  drops  of  27^ 
acotic  acid,  it  retnaino<l  clotir:  nitric  acid  gave  a  very  faint  prccipibite,  and  on 
lioiling  this  a  yell«>w  solution  formed,  wliich  was  turned  omnge  by  ammoniH. 
CopjKjr  sulphate  and  potiush  gave  a  colour  which  could  not  be  well  observed 
because  <»f  the  pi*ecipitate  of  magneaia  produced  on  adding  potash. 

Caiiclusivns.  The  greater  part  of  the  proteid  consisted  of  a  globulin 
apparently  identical  with  serum  globulin;  a  small  quantity  of  another 
proteid  was  present  the  reactions  of  which  were  very  puzzling  to  me  at 
the  time  I  made  the  analysis,  jus  I  Wiu^  lujt  then  familiar  with  the  work 
of  Kiihnc  and  Chittenden  on  albumoses.  Judging  however  from  the 
few  tesU  1  triinl,  the  reactions  seem  to  be  those  of  deutoro-albumose 
(i.e.  a  proteid  not  coagulated  by  heat,  not  precipitated  by  magnesium 
sulphate,  precipi table  by  nitric  acid  in  the  cold  in  the  presence  of  salt, 
and  dissolving  up  on  heating). 

Case  2.  The  amount  of  fluid  sent  me  was  very  small,  and  beyond  the 
Hict  that  satunition  with  magnesium  sulphntc^  productnl  a  precipitate,  my  notes 
mIiow  nothing  more  than  tlie  quantitative  analysis  already  given. 

Case  3.     Quantitative  analysis  already  given. 

Proteids.  The  quantity  of  proteids  was  exceedingly  small  in  comparison 
with  the  other  cases  :  and  this  was  the  case  in  spite  of  the  previous  injection 
(»f  io4line  into  the  sac  on  three  oco^vsions. 

[This  should  be  conti-anted  with  Cixhgs  9  and  12  in  wliich  the  amount  of 
protoid   increiiscd   after   re|>eated  tapping^     It   is  also  in  contiust  to  the 

substance  wliicli  not  merely  reduces  cupric  salts,  but  undergoes  the  alcoholic  fermontation 
on  the  addition  of  yoost,  etc.  In  corebi-o-spinal  iluid  we  shall  sec  prce^cntly  the  reducing 
substance  is  not  sugar. 


236  ir.  /).   HALLIBURTON. 

increased  quantity  of  reducing  subntance;  that  the  reducing  substance  in- 
creases with  successive  tappings  has  been  noted  by  previous  observers.] 

The  chief  point  of  interest  with  regard  to  the  proteids  was  that  saturation 
with  magnesium  sulphate  produced  a  precipitate,  on  the  removal  of  which  the 
filtnite  was  entirely  free  fr«)m  proteids  On  rrdiKHolving  the  pn^cijntate  by 
the  addition  of  water  it  was  found  that  it  cojiguhited  at  75"  C,  and  after 
iilttiriiig  off  the  heat  coagulum,  no  pniteid  ixjiuuiuttd  in  solution. 

Conclusions.  The  proteid  present  consisted  entirely  of  a  globulin, 
which  is  apparently  identical  with  serum  globulin. 

Case  4.     Fluid  removed  from  spina  bifida  by  Mr  A.  E.  Barker. 

A  small  quantity  only  was  received,  about  five  cubic  centimetres  in  all. 
It  wsis  clear  and  colourless  like  distilled  water ;  and  slightly  alkaline  in 
reaction. 

It  was  saturated,  with  magnesium  sulphate,  and  a  precipitate  was  thus 
]>roduced  :  this  was  collected  on  a  small  filter,  washed  with  saturated  solution 
of  magnesium  sulphate,  and  redissolved  by  the  addition  of  water :  the  pro- 
perties of  this  solution  were  as  follows  : — 

(1)  On  heating  to  75*  G.  after  acidifying  with  weak  acetic  acid,  there  was 
no  distinct  precipitate,  only  a  cloudinesa 

(2)  Nitric  acid  caused  a  precipitate  in  the  cold  which  diHa[>(KranMl  on 
heating,  and  reappetired  on  cooling. 

The  filtrate  obtained  by  filtering  off  the  magnesium  sulphate  precipitate 
was  clear  and  colourless,  and  remained  so  on  boiling,  after  acidifying  with 
acetic  acid.  Nitric  acid  gives  a  precipitate  which  disappeared  on  heating,  and 
reappeai'ed  on  cooling:  the  xanthoproteic  reaction  gave  an  intense  orange 
colour. 

CoucluHions,  Although  I  had  so  small  a  quantity  of  fluid  at  my 
disposal,  the  typical  albumose  reaction  with  nitric  acid  was  so  manifest, 
that  it  was  from  the  examination  of  this  specimen  that  the  idea  that 
albumoses  are  present  in  cerebro-spinal  fluid  was  firat  suggested  to  me. 
The  above  reactions  would  of  course  be  insufficient  in  themselves  from 
which  to  draw  conclusions;  they  rc(|uirc  to  be  confirmed  and  corrected 
by  additional  tests:  it  was  therefore  necessary  that  I  should  perform 
such  confirmatory  tests  in  fluids  of  which  I  had  a  larger  supply,  and 
judging  from  these  later  experiments,  I  should  be  inclined  to  say  that  in 
this  particular  fluid,  the  proteids  present  were:  globulin — a  mere  trace  ; 
a  primary  albumose,  i.e.  either  proto-  or  hetero-albumoso ;  and  deutoro- 
albumose. 

Oasis  5.     Tht)  fluid  wius  rcmove<l  from  the  veutricloM  of  the  brain  post- 
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mortem  from  a  case  of  myxoBcloma^  About  15  c.c.  were  obtained  in  all, 
mixed  with  a  small  quantity  of  bluod.  Tliere  was  however  no  formation  of 
fibrin  in  spite  of  this.  The  corpuscles  were  allowed  to  subside,  and  the 
aiiperuatant  fluid  was  then  seen  to  be  slightly  cloudy.  Its  reaction  was 
faintly  alkaline ;  it  gave  no  ])roci])itj\to  with  acetic  acid ;  mucin  was  therefore 
absent 

Froteida.  An  examination  of  the  kinds  of  proteids  present  was  of  little 
value  on  account  of  the  admixture  with  blood.  The  result  obtained  however 
was  this;  the  precipitate  produced  by  saturation  with  magnesium  sulphate 
c<mtaine<l  a  globulin  coagulated  by  heat  at  75°  C.  and  an  albumose.  The  pre- 
cipitate produced  by  satumtiou  with  magnesium  sulphate  was  removed  by 
filtrsition,  and  the  only  protcid  in  the  filtmte  was  serum  albumin. 

Condimons,  These  are  as  follows: — (1)  Fibrinogen  was  absent, 
that  is  admixture  with  blood  produced  no  formation  of  fibrin.  (2) 
Mucin  wsks  absent ;  tliis  observation  is  of  some  imjMirtance  as  mucin  has 
been  described  in  the  blood  and  transudations  in  cases  of  myxocdemu. 
(*1)  In  spite  of  the  mlmixture  with  bluod  the  typical  nitric  acid  reaction 
of  an  albumose  was  obtained. 

Case  6.  This  was  a  case  of  heart  disease ',  in  which  post-mortem  an  excess 
of  fljid  in  the  sub-arachnoid  cavity  was  fouud.  In  removing  it  it  was  con- 
taminated with  rather  a  larger  quantity  of  blood  than  iu  Case  5.  There  was 
jiowrvcr  no  formation  of  liiirin.     No  further  obst^'vationH  wore  ma^la 

Case  7.  Case  of  acute  hydrocephalus'^  This  occuri*cd  in  a  child  let. 
5  moutlis  and  the  fluid  wiis  twice  removed  during  life  by  paracentesis  from 
the  cerebral  ventricles.  The  fluid,  about  4  oz.,  1  received  was  from  the  fli*st 
tapping. 

The  fluid  was  clear,  straw  coloured,  and  faintly  alkaline. 

It  contained  a  small  shrunken  clot  of  fibtiu ;  a  microscopic  examination 
of  this  clot  showed  it  to  consist  of  fibrin  entangling  a  number  of  leucocytes : 
no  red  corpuscles. 

VroieidU.  The  presence  of  the  clot  indiciited  that  fibrinogen  and  fibrin 
ferment  (derived  from  the  leucocytes)  must  have  been  present  in  the  liqidd. 

The  clot  W21S  removed,  and  the  total  ^lerceutage  of  proteids  prcbcnt  in  the 
liquid  was  found  to  bo  0*65.  This  was  estimated  by  adding  excess  of  alcohol 
to   a   known   weight  of  the  fluid;  the  precipitate  produced  was   collected, 

^  Thocaso  occurred  in  Univ.  Coll.  Hospitiil  undor  Ihc  cnro  of  the  Into  Dr  WiUou  Fox  ; 
the  post-mortom  examination  was  mode  by  Mr  Uorsley  to  whom  I  am  indebted  for  the 
lloid. 

'  Under  the  care  of  Dr  RiugGr,  Univ.  Coll.  Hospital. 

'  Under  the  care  of  Dr  Uturges,  Hospital  for  Sick  Children,  Great  Ormond  Street.  I 
am  indebted  to  Dr  Pun  rose  for  the  fluid. 
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washed,  dried,  and  weighed  on  a  filter  of  known  weight  Tlie  precipifcate 
produced  by  the  alcohol  was  colourless ;  the  alcohol  itself  exti'acte<l  the 
yellow  colouring  matter  originally  present,  as  it  does  the  pigment  present  in 
serum.  The  alcoholic  extract  after  a  few  days'  exposure  to  light  became 
bleached  as  such  solutions  of  serum -lutein  do. 

Another  portion  was  saturated  with  magnesium  sulphate;  an  abundant 
precipitate  was  jtroduced.  The  precipitate  was  washed  on  the  filter  with 
saturated  solution  of  magnesium  sulphate,  and  dissolved  by  the  addition 
of  water :  an  opalescent  solution  l>eing  the  result.  This  solution  was  heated, 
a  few  drops  of  2  per  cent,  acetic  acid  being  first  added  :  at  75*^  C.  a  precipitate 
formed  (serum  globulin)  :  this  was  removed  by  filtration.  The  filtrate  gave 
no  further  precipitate  on  heating.  Nitric  acid  gave  a  precipitate  which 
disappeared  on  heating  and  rcappoanMl  on  cooling.  Copper  sulpha  to  g:ivo 
a  precipitate  soluble  in  excess.  Copper  sulphate  and  caustic  i>otash  gsivo 
a  pink  colour  (biuret  reaction).  Perchloride  of  mercury  and  basic  acetate  of 
lead  also  gave  precipitates.  The  liquid  from  which  the  precipitate  produced 
by  saturation  with  magnesium  sulphate  had  been  removed  by  filtration  gave  a 
precipitate  on  heating  to  73*^  C.  after  acidifying ;  this  was  filtered  off;  a  small 
quantity  of  proteid  still  remained  in  solution  which  was  precipitated  by 
boiling  the  liquid ;  on  filtering  this  off,  the  filtrate  was  found  to  be  fi'ee  from 
proteid. 

A  portion  of  the  original  liquid  was  treated  with  ferric  acetate,  and  the 
filtrate  found  to  contain  no  proteid  (i.e.  peptone  was  absent). 

Reducing  substance.  The  original  liquid  contained  a  small  quantity  of  a 
substance  which  reduced  Feh ling's  solution.  The  alcoholic  extract  also 
contained  the  reducing  substance.  The  phenyl-hydrazine  test  for  sugar  was 
then  applieil :  this  is  a  test  recently  introduced  by  v.  Jak8cli\  On  the 
addititm  of  a  solution  of  phcnyl-hydnizino  hydrocliloi'ide  contivining  a  aniall 
q;nintity  of  Hodiuni  acotiiUi  to  a  Kohiti<ni  of  Kngar,  a  yttllow  ]>nH:ipittiUi  of 
needles  of  phenyl-glucazone,  occurring  both  singly  and  in  bundles,  forms  in  a 
few  minutes.  1  tried  this  test  several  times,  but  in  all  cases  with  a  negative 
result.  I  then  took  the  remainder  of  the  fluid  at  my  diH|»osal,  which  was  a 
little  over  an  ounce  in  quantity,  precipitated  the  proteids  by  excess  of  alcohol 
and  filtered  off  the  precipitate;  evapoi*ated  the  alcohoh'c  filtnite  to  drym^s  at 
40"  C. :  took  up  the  roiiiduo  with  water,  and  evaporat4Hl  to  dryuitss  agsiin ;  a 
crystalline  residue  was  obtained,  which  on  microscopic  examination  showed  a 
number  of  crystals  of  sodium  chloride,  and  in  addition  a  number  of  feathery 
laminiB,  exactly  similar  to  those  obtained  by  eva|)orating  to  dryness  an  aqueous 
solution  of  benzoic  acid.  The  crystalline  residue  was  tui-ned  dark  green,  and 
finally  black  with  ferric  chloride;  it  also  turned  yellow  on  heating  it  to 
50"  0. 

1  Zeit.  klin,  Med.  Vol.  xi.  p.  20. 
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Conclusions.  The  liquid  coutaincd  in  comparison  with  normal  cere- 
bro-spinal  fluid  a  very  high  percentage  of  proteids :  it  is  a  general  rule 
with  effusions,  that  inflammation  increases  the  percentage  of  proteids. 
The  fluid  moreover  was  not  normal  cerebro-spinal  fluid,  inasmuch  as  it 
contained  a  number  of  leucocytes,  and  fibrinogen  resulting  in  the  forma- 
tion of  a  clot ;  serum  globulin  and  serum  albumin.  In  other  words  it 
resembled  an  ordinary  exudation  such  as  one  finds  in  the  serous  sacs, 
and  doubtless  the  fluid  present  was  in  great  measure  an  efiusion  from 
the  blood-vessels.  In  spite  of  this,  however,  proto-albumose  was  very 
distinctly  present ;  and  so  also  was  the  reducing  substance,  which  the 
phenyl-hydrazine  test  showed  was  not  sugar.  The  other  tests  above 
given  leave  its  nature  uncertain,  pointing  however  in  the  direction  of  an 
aromatic  substance.     Peptone  was  absent 

Case  8.     Cerebral  meningoccele  in  a  child  set.  9  months. 

The  fluid  I  received  was  from  the  second  tapping*.  Its  si)ecific  gravity 
was  1007 ;  its  reaction  neutral  or  faintly  alkaline :  it  was  all  but  colourless. 
It  contiiincd  no  clot. 

Proteids.  It  gave  the  nitric  acid  test  for  albumose  without  further  treat- 
ment. On  acidifying  and  heating  to  75*^  0.  there  was  a  faint  cloud :  after 
re]K»ited  filtration,  a  clear  filtrate  was  obtained ;  this  remained  clear  on  boil- 
ing; it  gave  the  albumose  test  with  nitric  acid,  and  also  the  biuret  reaction. 

A  |K)rtion  was  satuiiitod  with  ammonium  sulphate  and  filtered;  the  filtrate 
was  pi-ottud-frco. 

Another  portion  was  saturated  with  sodio-magnesium  sulphate  and  filtered: 
the  filtrate  was  proteid-frce. 

A  third  poi*tion  was  saturated  with  magnesium  sulphate,  a  precipitate  was 
produced  and  filtei'ed  oS.  The  filtrate  gave  an  exceedingly  faint  xantho- 
proteic reaction;  this  was  the  only  evidence  obtained  of  the  presence  of 
protcid :  the  yellow  tinge  was  however  so  slight,  that  it  was  necessary  to 
(!iiinp:ii*e  it  with  diKtilled  waU^*  to  make  eo.r(4iin  tluTO  was  any  colounilion  at  all. 
In  other  words  the  filtrate  was  practicjiUy  proUudfreo. 

deducing  suhataivce.  Tliis  was  present  in  such  small  quantities  that  it  was 
necessary  to  concentrate  some  of  the  liquid  to  about  a  quarter  of  its  original 
bulk  before  any  reduction  could  be  observed  with  Fe tiling's  solution. 

Conclusions.  The  proteids  present  were  a  small  quantity  of  globulin 
coagulating  at  a  temperature  of  75®  C,  and  proto-albumose.  Fibrinogen, 
serum  albumin,  and  peptone  were  absent.  A  reducing  substance  was 
present  in  traces. 

'  1  am  iudcbtod  to  Dr  Penrose  for  tliif;  specimen. 
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Case  9.  Case  of  spina  bifida  in  a  child  (F.)  set.  2  mouths  ^  Firat  tapping 
(June  1,  1887).     Fluid  faintly  alkaline,  clear,  colourless. 

Proteids,  A  portion  of  the  fluid  was  boiled  after  acidifying  with  weak 
acetic  acid ;  a  small  heat  coagulum  formed.  This  was  iiltured  off:  the  filtrate 
gave  a  precipitate  with  nitric  acid  in  the  cold,  8(»lublo  on  licuting,  and 
reap])earing  when  the  liquid  was  cooled.  Cop[Xir  suljthiite  gave  a  precipitati^, 
which  dissolved  on  the  addition  of  imt'ash  forming  a  pink  solution. 

Another  portion  was  saturated  with  Hmm  iniuin  sulpliate :  the  precipitate 
so  produced  was  filtered  ofT,  and  the  filtrate  was  free  from  proteid. 

Another  portion  was  saturated  with  magntisium  sulphate,  and  the 
precipitate  so  produced  filtei*cd  oiF.  This  precipitate  was  washed  with 
saturated  solution  of  magnesium  sulphate,  and  dissolved  by  the  addition 
of  water.  The  solution  so  formed  w:us  opalescent  and  gave  a  precipitate 
on  heating  to  75"  C  This  was  filtered  off,  and  the  filtnite  on  boiling  gave  no 
further  precipitate.  Thei-e  was  however  proteid  in  solution  which  gave 
the  albnmose  reaction  with  nitric  acid  and  the  biuret  i*eaction.  The  remainder 
of  tliis  solution  was  placed  in  a  dialyser  of  parchment  paper,  and  the  salts 
removed  by  dialysing  into  distilled  water  for  a  week.  The  albumose  was  still 
in  solution  at  the  end  of  this  time. 

The  liquid,  from  which  tlie  precipitate  produced  by  saturation  with  mag- 
nesium sulphate  had  been  removed  by  filtratitm,  w.-us  iigsiin  agit;ite<l  wi(lt 
excess  of  magnesium  sulphate  crystals  to  make  sure  of  the  precipitation  of  all 
globulin  etc.  and  then  filtered.  The  filtrate  contained  a  small  quantity  of  an 
albumin  which  was  coagulated  at  a  temperature  of  73°  0.,  and  was  therefore 
probably  identical  with  serum  albumin.  This  heat  coagulum  was  filtered 
off;  the  filtrate  was  found  to  be  proteid-free. 

Another  portion  of  the  original  cerebro-spinal  fluid  was  mixed  with  blood 
serum  and  kept  in  a  warm  bath  at  35" — 40"  C.  for  2-1  houi-s.  There  was  no 
formation  of  fibi'in. 

Some  magnesium  sulphate  blood  plasma  of  tlie  sheep  was  diluted  with  six 
times  its  volume  of  the  cerebro-spinal  fluid  ;  but  no  coagulation  occurred  even 
afler  the  lapse  of  24  hours;  another  specimen  of  the  same  salteil  plasma  which 
was  diluted  to  the  same  extent  with  a  solution  of  fibrin  fennent  coagulatinl  in 
about  lialf  an  hour. 

Redticimj  substance;  a  substance  which  reduced  Feb  ling's  solution  was 
present  in  small  quantities  but  was  not  further  investigated. 

Conclusions.  The  proteids  present  were  a  globulin  coagulating  at 
75®  C. :  an  albumin  coagulating  at  73®  C.  and  proto-albumose.  Fibri- 
nogen, fibrin  ferment  (cell  globulin)  and  peptone  were  all  absent 

*  lleooived  from  Mr  Parker. 
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Case  9*.  Same  case  as  preceding.  Second  tapping  June  17, 1887;  iodine 
Ii:i(l  iMH^n  inj(K;UHl  aflor  ilin  i\vH\,  tupping.  The  fluid  won  cxauiinod  in  exactly 
the  same  manner  as  that  removed  by  the  iirst  tapping. 

The  total  protoids  wore  increased  iii  ainouut;  these  were  not 
estimated  quantitatively,  but  the  increase  was  seen  by  the  fact  that 
saturation  with  ammonium  sulphate  produced  a  heavier  precipitate 
than  it  did  in  that  removed  by  the  first  operation'.  Otherwise  the 
results  were  exactly  the  same  in  the  two  fluids. 

Cask  10.  Case  of  chronic  hydix>ccplialns*  in  a  child  (11.  11.).  The 
fluid  removed  by  paracentesis  was  alkaline  and  colourless. 

It  contained  a  small  amount  of  a  substance  which  reduced  Fehling's 
solution.     This  was  not  further  investigated. 

Froteids.  Boiling  after  acidification  with  acetic  acid  produced  a  small 
amount  of  pi-ecipitato  which,  since  it  was  not  lesseue^l  by  the  addition  of 
a  drop  of  hydrochloric  acid  as  is  tlie  precipitate  produced  on  heating  hetero- 
albumosc,  consiHtod  of  coagulated  pioteid.  The  heat  coagulum  having  been 
filtered  off  the  filtrate  gave  the  nitric  acid  reaction  for  albumose  and  the  biuret 
reaction. 

A  ix>rtion  was  saturated  with  ammonium  sulphate  andfiltei^;  the  filtrate 
was  then  rendered  faintly  acid  with  acetic  acid  and  shakeu  for  three  hours 
with  excess  of  ammonium  sulphate  crystals,  and  again  filtered :  the  filtrate 
wsi.s  Mhakrn  for  a  tliii'd  prriod  of  thr(*.e  hours  with  more  cryntids  of  the  salt", 
and  again  filtered.  The  last  filtrate  gave  no  precipitate  with  ixitric  acid;  it  gave 
a  we'll  niark(!d  xaiiLho|M'ot<*ic  reaction,  a  well  marked  biui'ct  reaction,  luid 
a  precipitate  with  tannic  acid.     That  is  true  peptone  wiuj  present. 

Another  portion  was  saturated  with  magnesium  sulphate;  the  precipitate 
so  produced  was  washed  and  redissolved  in  the  usual  way,  and  the  solution  so 
obtained  was  found  to  contain  a  globulin  coagulating  at  75*^  C. ;  on  filtering  off 
this,  proto-albumose  remained  in  solution. 

The  liquid  from  which  the  precipitate  produced  by  magnesium  sulphate 
had  been  removed  by  filtration,  contained  no  proteid  coagulablc  by  heat  (i.e. 
no  albumin),  no  proteid  precipitable  by  nitiic  acid,  glacial  acetic,  or  glacial 
phosphoric  acid  (i.e.  no  albumose),  but  gave  a  precipitate  with  tannin,  and  a 
well  marked  xanthoproteic  reaction  (true  pepttme).  The  biuret  reaction 
could  not  be  tried  because  of  the  i>i'e.sence  of  magnesium  sulphate. 

1  Up  to  the  timn  that  I  rcccivod  the  Rocond  quantity  of  fluid,  I  hod  loft  tho  Bpocimen 
of  tlio  firflt  which  luul  hcHni  »itnratcd  with  ammonium  Rulphato  uiifiltcred,  80  that  I  was 
able  to  compare  the  amount  of  precipitate  in  the  two  fluids  witli  one  another. 

'  The  (laid  was  scut  to  me  by  Dr  Penrose. 

*  My  notes  state  the  fact  that  the  day  when  thiR  experiment  waR  performed  was  a  hot 
summer's  day,  but  do  not  give  tho  preciKO  tcmper.iluro  of  tho  air. 
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Digestive  ferment.  In  order  to  investigate  the  question  whether  any 
digestive  ferment  likely  to  pradiice  albumose  and  peptone  was  present  in  the 
liquid,  the  method  I  adopted  was  a  very  simple  ona  Tlie  liquid  was  simply 
kept  at  JO® — 35"  C.  for  several  hours,  in  order  that  if  any  proteolytic  ferment 
were  present  it  might  exert  its  action  on  the  protcids  in  the  liquid  itself,  and 
so  lead  to  a  more  abundant  production  of  peptone.  I  did  not  investigate  what 
occurred  if  the  liquid  were  made  acid  with  hydrochloric  acid,  as  the  liquid 
itself  is  alkaline,  and  if  the  peptone  and  albumose  were  produced  in  it  by  a 
digestive  agent,  it  must  be  by  one  which  works  in  an  alkaline  medium.  The 
details  of  the  experiment  were  as  follows  : — 

1.  25  C.C.  of  the  original  liquid  were  saturated  with  ammonium 
sulphate  thoroughly,  and  filtered. 

2.  25  c.c.  of  the  original  liquid  were  placed  in  the  water  bath  at  35*  C. 
for  four  hours,  then  thoroughly  saturated  with  ammonium  sulphate  and 
filtered. 

3.  5  c.c.  of  both  filtrates  were  tlien  taken ;  to  each  were  added  three 
drops  of  nitric  acid,  with  which  it  was  boiled,  and  then  three  drops  of 
ammonia.     The  intensity  of  the  yellow  colour  in  tlie  two  was  the  ssime. 

4.  5  c.c.  of  the  filtrates  were  again  taken  ;  to  each  wei'e  luldcd  six  di-ops 
of  a  solution  of  tannin;  the  clou<l  pixKlnced  was  again  equal  in  the  two  cjisom. 

There  was  thus  no  evidence  of  an  incroiised  quantity  of  }>eptoiie,  and  tliu.s 
no  evidence  of  an  active  proteolytic  ferment. 

Cojiclusions.  The  proteids  present  were  globulin,  proto-albumose 
and  peptone.  Albumin  and  fibrinogen  were  absent.  There  was  no 
evidence  of  any  proteolytic  ferment  being  present.  A  small  quantity 
of  a  substance  which  reduced  Fehling's  solution  was  also  present. 

Case  11.     Case  of  spina  bifida*.     First  tapping. 

The  fiuid  was  perfectly  clear,  colourless  and  faintly  alkaline.  A  limited 
quantity  of  this  fluid  (about  25  c  c.)  was  obtained,  and  it  was  examined  as 
follows  : — 

It  was  divided  into  two  parts,  one  of  which  was  immediately  saturated 
with  ammonium  sulphate,  the  other  was  kept  at  40 ''C.  for  three  hours  in  a 
warm  bath,  and  then  siiturated  with  aiinuoniuui  uulphata 

The  precipitate  so  pi'oduced  was  filtered  off  in  each  case,  and  both  filtrates 
were  proteid-free :  that  is  there  was  no  peptone  in  the  original  fiuid,  and  none 
had  been  formed  by  any  process  of  self-digestion.  The  precipitate  fronx  both 
filters  was  washed  with  saturated  solution  of  ammonium  sulphate,  redissolved 
by  the  addition  of  water:  this  solution  was  heat(Hl  and  a  heat  coiigulum  formed 
at  75*  C  ;  on  the  removal  of  which  no  proteid  was  fouud  remaining  in  solu- 
tion.    Ani^ther   portion   of    the    solution    was    s^iturated    with   magnesium 

1  This  fluid  was  sent  to  me  by  Mr  A.  E.  Barker. 
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Bulpliaio,  and  the  prccipitiito  ro  proJucod  w»a  fjllon^d  olT  utid  tlio  fiUfate  was 
proteid-free.  The  precipitate  itself  waa  wasbed  and  redisRolved  in  the  usual 
way :  the  solution  was  faintly  opalescent  and  gave  a  heat  coagulum  at  75*  0. 
on  tlin  removal  of  which  no  proteid  remained  in  solution.  The  precipitate 
pixKhicod  at  75"  C.  was  true  coagulated  proteid,  as  it  did  not  dissolve  in  weak 
hydrochloric  acid  or  dilute  soda,  as  the  pracipitate  produced  by  heatiug 
betero-iilbumose  does.  Another  portion  gave  an  abundant  precipitate  with 
nitric  acid  which  did  not  clear  up  at  all  on  heating;  it  lessened  somewhat  after 
prolonged  boiling,  but  did  not  increase  again  on  subsequently  cooling. 

CondHmnis.  The  only  proU^id  )>icsont  w.ts  a  globulin  apparently 
identical  with  serum  globulin.  Peptone  and  albumoses  were  absent  in 
the  original  fluid,  and  as  none  were  formed  by  a  process  of  self-digestion 
at  4fO'  C.  there  was  apparently  an  absence  of  any  proteolytic  ferment. 

Fibrinogen  and  albumin  were  also  absent.  The  reducing  substance 
waH  not  UisU^d  for. 

Cask  12.  Case  of  chronic  hydix)cophalu8*.  There  was  no  fever,  and  the 
cnlargonicnt  of  the  lio^'ul  In^gan  soon  after  birth ;  the  boy  came  under  treat- 
ment at  the  age  of  six  months,  when  between  eight  and  nine  ounces  were 
withdnvwn  by  aspiration.  This  was  during  the  month  of  April  1888 ;  on 
May  14  a  similar  quantity  of  fluid  was  aguin  removed  in  a  similar  way,  and 
on  June  8th  a  thiixl  quantity  approximately  the  same  in  amount  was  similarly 
reniovcHl.  The  fluid  aflU'r  v.i\c\\  openxtion  was  acjnt  on  to  me  immediately,  and 
the  following  are  the  n^sultK  of  the  examination  of  them. 

Flaiil  removal  bij  tJhe  first  operation.  This  was  clear,  and  colon rle.s.<), 
faintly  alkaline,  and  of  specific  gravity  1006. 

When  a  few  cubic  centimetres  were  mixed  with  a  equal  amount  of  very 
dilute  Feh ling's  solution  and  boiled,  there  was  no  formation  of  any  visible 
red  precipitate.  The  alcoholic  extract  however  when  concentrated  contained 
as  we  shall  see  Inter  a  small  amount  of  a  reducing  substance.  A  reducing 
NulmL'Uict^  w:iH  tlu^refon^  ))r4^sent,  but  in  so  Kuiall  a  quantity  as  to  escape  detec- 
tion in  the  unconcentrated  fluid. 

J'roteids,  A  portion  of  the  fluid  was  boiled  after  being  acidified  with 
a  drop  or  two  of  2  per  cent,  acetic  acid.  There  was  a  small  precipitate,  on  the 
removal  of  which  by  filtration  the  filtrate  gave  evidence  of  abundant  albumose 
by  the  nitric  acid  reaction ;  it  also  gave  the  biuret  reaction. 

An<»ther  [Kn*ti<»n  wsus  saturated  with  ammonium  su1[ihat(;.  The  proci[>itiite 
80  produced  was  filtered  oflT,  the  filtrate  was  proteid-free.  Peptone  was 
thcriiforc  absent. 

A  third  ^lortion  was  kept  at  40'*0.  for  four  houra,  and  then  saturated  with 
ammonium  sulphate,  and  the  precipitate  so  produced  was  filtered  off;  the 

*  Under  the  care  of  Mr  Parker. 
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filtrate  was  proteid-free.  Tliat  is  there  had  been  no  formation  of  peptone  by 
any  process  of  Bclf-digcstion,  and  Uiorcforo  piHisunuibly  a  proteolytic  fcnncnl 
active  in  an  alkaline  medium  was  absent 

A  fourth  portion  was  saturated  with  magnesium  sulphate;  the  precipitsitc 
so  produced  was  filtered  off,  and  the  filtrate  was  proteid-free.  All)umtu  and 
dtiutero-albumose  were  therefore  absent.  The  precipitate  produced  by  satura- 
tion with  magnesium  8nl[)hat<i  was  wiushed  and  dissolved  in  tlui  usual  way. 
The  solution  was  opalescent,  gave  a  heat  coagulum  at  75"  0.  This  consisted 
of  true  coagulated  pi-oteid,  not  precipitated  hetero-albumose,  as  it  was  insoluble 
in  weak  acids  and  alkalis.  Filtering  this  off,  the  filtrate  remained  clear  on 
boiling,  gave  a  precipitate  with  nitric  aitiil  in  the  cold,  which  disap[)ciinul  on 
boating,  and  reappeared  on  cooling.  The  original  solution  of  the  prrcij)itjito 
pixMluanl  by  saturation  with  nuignrsiuni  sulphuUi  w:is  then  trcaUMi  lus  folhiws: 
a  few  drops  of  nitric  acid  were  added  to  it,  and  a  ])recipitate  was  produced ; 
this  disapi)eared  on  heating  but  not  entirely,  and  became  thick  again  on 
cooling.  There  was  thus  albumose  in  the  original  solution ;  that  is  to  say  it 
had  not  been  produced  by  the  heating  of  the  globulin  to  a  high  temperature. 
The  precipitate  did  not  completely  disappear  on  heating  because  of  the 
presence  of  globulin. 

50  c.c.  of  the  original  fluid  were  then  mixed  with  300  c.c.  of  altsolute 
alcohol ;  the  preci}>itate  so  proiluced  was  allowed  to  settle,  and  then  the 
mixture  was  boiled ;  the  precipitate  so  obtained  was  collected  on  a  weighed 
filter,  washed  with  alcohol  and  ether  and  dried  to  consttuit  weight  at  110**  O. 
The  weight  of  the  precipitate  was  0'0225  gramme;  that  is  the  percentage  ot 
proteids  was  0*045.     The  alcoholic  extract  was  saved. 

Another  50c.c.  was  similarly  mixed  with  alcohol;  the  resulting  prccipit*ito 
was  kept  under  the  alcohol  for  1 4  days.  The  precipitate  was  collected,  and  driinl 
at  40**  C. ;  water  was  then  added  to  the  ix^siduc  which  almost  entirely  disi:i»lvod. 
The  insoluble  iHisiduo  (coagulated  globulin)  wtui  filtered  oil*;  the  filtraU;  w:us 
clear,  and  gave  no  precipitate  on  boiling  after  acidification :  it  gave  a  precipitate 
with  nitric  acid  which  disappeared  on  heating  and  i*eappeared  on  cooling ;  it 
gave  a  precipibite  with  cop}>er  sulphate ;  it  gave  the  biuret  ronction :  it  was 
not  precipitated  by  dialysing  all  salt  out  from  the  solution.  This  is  another 
niethtxl  of  showing  the  pntsence  of  proU>-u1i)nniose. 

Some  of  the  watery  extnictof  the  ah;oholic  preci[Mtiite  waniulthMl  to  dilute 
smiium  sulphate  sheep-plasma;  but  theit;  was  no  hastening  of  the  coagulation. 
Fibrin  ferment  was  thus  proved  to  be  absent. 

The  alcoholic  extract  from  this  experiment  waa  saved  and  mixed  wiUi  that 
obtained  from  the  previous  experiment.  The  alcohol  was  evaporated  off  at  40**, 
and  the  residue  dissolved  in  water;  the  aqueous  solution  contained  a  substance 
which  reduced  Fehling*s  solution. 
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Casb  12.  Fluid  removed  by  second  operation.  The  fluid  waa  clear, 
colourless,  slightly  alkaline,  its  specific  gravity  was  1010. 

Mixed  with  an  equal  quantity  of  dilute  Fehling's  solution,  and  boiled 
there  was  a  slight  amount  of  red  precipitate.  The  fluid  was  examined  fr  r 
protcids  by  precisely  the  same  methods  as  in  the  first  case;  and  the  rcnuliK 
may  be  thus  summarized — 

(1)  Boiling  pku  acetic  acid.  Small  amount  of  flocculent  precipitate ; 
filtered  off.  Filtrate  gives  nitric  acid  test  for  albumose,  also  the  biuret  re- 
action. 

(2)  Nitric  acid  alone  gives  a  heavy  precipitate,  which  becomes  lessened 
on  heating,  and  thick  again  on  cooling. 

(3)  Saturation  with  ammonium  sulphate  causes  a  precipitate;  filtrate 
contains  no  proteid,  Le.  [leptone  is  absent. 

(4)  Saturation  with  ammonium  sulphate,  after  exposure  to  40*0.  for 
three  hours.    Filtrate  contsiina  no  proteid,  i.e.  a  proteolytic  ferment  is  absent. 

(5)  Saturation  with  magnesium  sulphate  causes  a  precipitate  (consisting 
of  globulin — heat  costgulation  75"  C. — and  pit>to-albumose) ;  the  filtrate  gives 
a  trace  of  a  yellow  tinge  with  nitric  acid  and  ammonia  but  is  practically  proteid- 
free,  i.e.  albumin  is  practically  absent. 

(6)  Mixed  witli  serum  ;  no  formation  of  fibrin. 

(7)  Mixed  with  dilute  salted  blood  plasma.  There  was  no  hastening  of 
the  formation  of  fibrin ;  i.e.  fibrin  ferment  was  absent. 

(8)  ISO  C.C.  precipitiited  with  alcohol :  weight  of  [>rccipitate  0-03I5 
grammes,  i.e.  0*069  per  cent.,  which  is  rather  moi*e  than  in  the  first  tapping. 

(9)  50  C.C.  precipitated  with  alcohol ;  ke])t  under  alcohol  a  fortnight ; 
the  proto-albumose  was  then  soluble  in  water;  the  globulin  (a  mere  tiucej 
insoluble. 

(10)  The  alcoholic  extracts  from  (8)  and  (9)  were  mixed  together, 
evaporated  to  dryness  at  40"  C.  and  the  residue  taken  up  with  water.  The 
aqueous  solution  reduced  Fehling's  solution. 

Case  12.  Fluid  removed  by  third  ojxiraiion.  The  fluid  was  clear, 
colourless,  slightly  alkaline.     Its  specific  gravity  was  1010. 

Mixed  with  an  equal  quantity  of  dilute  Fehling's  solution  there  was  a 
well-marked  red  precipitate.  The  original  fluid  was  examined  for  proteids  by 
the  same  method  as  in  the  two  previous  cases. 

(1)  Boiling  •:-  acetic  ticid  ;  heavy  flocculent  precipitate  of  coagulaUxl 
proteid;  filtered  off;  filtrate  gives  faint  indication  of  presence  of  albu- 
mose. 

(2)  Nitric  acid  alone  gives  a  heavy  precipitate,  which  on  heating  did  not 
markedly  become  lessened. 

(3)  Saturation  with  ammonium  sulphate  causes  a  precipitate;  filtrate 
contains  no  proteid,  ie.  peptone  is  absent. 
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(4)  Satumtion  with  niagiicsinm  sulphate  c:iiisi*s  a  fairly  almndaiit 
precipitixto  consisting  of  globulin  coagulating  at  75"  C:  the  presence)  of  an 
albumose  in  this  precipitate  was  doubtful :  the  filtrato  from  the  magnenium 
sulphate  precipitate  contains  an  albumin  coagulating  at  73**  0.:  no  albumoso. 

(5)  50  c.c.  treated  with  excess  of  alcohol.    Percentage  of  prateids  0*272. 

(6)  Another  50  c.c.  similarly  treated  ;  the  precipittite  was  allowed  to 
stand  under  alcohol  for  17  days:  it  was  then  nearly  insoluble  in  water:  the 
watery  extract  did  however  contain  a  small  amount  of  proto-albumose. 

(7)  The  alcoholic  extract  from  (5)  and  (G)  was  saved;  the  alcohol 
evaporated  off  at  40^  C:  and  the  residue  taken  up  with  water.  This  aqueous 
solution  reduced  Fehling's  solution.  The  aqueous  extract  of  the  precipitate 
produced  by  alcohol  did  not  reduce  Fehling's  sohition.  The  i-educing  sukstanco 
was  thus  wholly  soluble  in  the  alcohol  used. 

Conclusions,    The  general  conclusions  concerning  this  fluid  can  be 
very  well  put  into  tabular  form  thus : — 


Flaid  from 


Ist  aspiration 


2nd 


3rd 


>f 


>« 


1006 
1010 


1010 


Percentage 
of  proteids. 


0045 
0069 

0-272 


VArictics  of 
proteids. 


{Qlobulin  (a  trace) 
Proto-albu  mose 

ditto 

^Globulin 
Albumin 
Proto-albumose  (a 
ti'ace) 


Amount  of  roiliicin}r 
substance  (roughly) 


Traces 
More  abundant 

More  abundant 
still 


In  the  first  two  cases  the  result  was  the  same  as  in  the  other  fluids 
previously  examined.  But  at  the  third  operation  the  proteids  had 
become  increased  in  amount;  and  in  kind  resembled  those  present  in 
an  ordinary  transudation,  with  the  exception  that  fibrinogen  was  absent. 
It  would  seem  from  the  examination  of  the  fluid  that  a  certain  amount 
of  irritation'  had  been  set  up  by  two  previous  aspirations,  and  thus  hod 
caused  an  effusion  to  take  place  from  the  blood  vessels :  the  percentage 
of  proteids  was  however  not  merely  so  great  as  in  cases  of  acute  inflamma- 
tion, such  as  we  have  seen  in  Case  7.  The  presence  of  a  large  amount 
of  proteid  coagulable  by  heat  rendered  difficult  the  detection  of  an 
albumose.     It  was  not  until  the  globulin   and   albumin    had    been 


1  Mr  Parker  tells  mo  that  tlicre  wore  no  approciable  signs  of  inflammation,  but  that 
tbe  child  was  after  the  third  operation  removed  from  the  hospital  and  lost  sight  of. 
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rendered  insoluble  by  the  action  of  alcohol,  that  one  was  able  to  state 
positively  that  on  albumose  was  present 

Furdier  eaxtmination  of  tlie  reducing  substance  present  in  Case  1 2.  The 
alcoholic  extracts  obtained  from  the  experiments  on  the  proteids  were 
all  evaporated  to  dryness  at  40'C.  The  remainder  of  the  fluid  also 
which  had  not  been  used  for  experiments  on  the  proteids  was  mixed 
with  excess  of  alcohol;  and  the  alcoholic  extract  from  this  was  also 
evaporated  to  dryness  at  40^0.  Altogether  in  this  way  I  obtained  from 
the  three  fluids  an  alcoholic  extract  of  nearly  h«alf  a  litre  of  cerebro- 
spinal fluid:  it  was  however  only  the  fluid  removed  from  the  third 
operation  that  contained  an  appreciable  quantity  of  the  reducing 
substAuce.  During  the  evaporation  of  the  alcohol,  a  light  brownish 
flocculent  precipitate  separated  out,  this  was  filtered  off,  and  was  not 
further  investigated  ;  the  solid  residue  was  mostly  crystalline ;  it  con- 
tained abundance  of  sodium  chloride  crystals,  and  a  certain  small 
quantity  of  the  feathery  crystals  like  those  similarly  obtained  in  Case  7. 
The  residue  was  taken  up  with  water,  and  very  little  remained  un- 
dissolved. The  aqueous  extracts  from  all  three  specimens  reduced 
Fehling's  solution,  and  did  not  rotate  the  plane  of  polarised  light; 
they  were  then  mixed  together,  and  neutral  acetate  of  lead  added :  an 
abundant  precipitate  was  thus  produced  and  filtered  off.  A  streatn  of 
sulphuretted  hydrogen  was  passed  through  the  filtrate,  and  the  lead 
sulphide  filtered  off;  the  filtrate  was  concentrated,  and  boiled  with 
Fehling's  solution ;  no  reduction  took  place.  The  reducing  substance 
had  thus  been  entirely  precipitated  by  lead  acetate.  This  precipitate 
was  washed  with  distilled  water,  suspended  in  distilled  water,  and  a 
stream  of  sulphuretted  hydrogen  passed  through  it  till  no  further 
precipitate  of  lead  sulphide  was  produced:  the  black  sulphide  was 
roniovcd  by  filtration;  the  filtrate  was  extracted  with  ether;  the 
ethereal  extract  was  evaporated  to  a  small  bulk,  and  finally  to  dryness 
at  4Af  C.  A  small  quantity  was  evaporated  to  dryness  on  a  glass  slide, 
and  examined  microscopically.  Some  slender  needles  which  were 
colourless  and  doubly  refracting  were  obtained,  together  with  a  small 
amount  of  an  apparently  amorphous  substance.  The  needles  were 
mostly  single,  but  a  few  groups  also  occurred.  The  appearance  is 
depicted  in  the  accompanying  wood-cut  fig.  1.  Fig.  2  represents  the 
appearance  presented  on  evaporating  to  dryness  an  ethereal  solution 
of  pyrocatechin :  the  crystals  are  larger  but  the  shape  is  the  same ;  these 
also  doubly  refract  light. 
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About  half  a  decigramme  of  the  crystalline  deposit  was  obtained  in 
all,  a  quantity  much  too  small  for  elementary  analysis ;  the  following 
were  however  its  chief  properties. 

(a)  At  the  ordinary  temperature  of  the  air,  the  crystals  deli- 
quesced and  the  deposit  became  syrupy  in  consistency. 

(6)    They  had  an  acid  reaction. 

(c)  They  had  a  peculiarly  pungent  bitter  taste. 

(d)  As  shown  by  the  method  of  preparation  they  were  soluble  in 
water,  alcohol,  and  ether. 

(e)  Their  aqueous  and  alcoholic  solutions  did  not  rotate  the  plane 
of  polarised  light.  (Their  ethereal  solution  was  not  examined  with  the 
polarimeter.) 

(/)  They  reduced  alkaline  solutions  of  copper  sulphate  on  the 
application  of  heat;  not  only  was  there  a  red  precipitate,  but  the 
supernatant  fluid  became  greenish. 

{g)  They  did  not  reduce  bismuth  salts :  this  test  was  performed 
as  follows : — 5  grammes  of  basic  nitrate  of  bismuth,  and  5  grammes  of 
tartaric  acid  were  mixed  with  30  cc.  of  distilled  water,  and  caustic  soda 
added  till  a  clear  solution  was  obtained.  A  small  quantity  of  this 
solution  was  boiled  with  the  aqueous  solution  of  the  reducing  substance. 
There  was  a  small  amount  of  white  precipitate  formed,  but  no  black,  or 
brown  colouration,  or  prccipiUito. 

{h)  A  few  drops  of  207o  caustic  potash  were  added  to  some  of  the 
aqueous  solution  of  the  reducing  substance,  and  afler  a  few  minutes' 
exposure  to  the  air  the  mixture  became  yellowish. 

(t)  On  the  addition  of  ferric  chloride  to  the  solid  residue  it  was 
turned  green. 

In  all  these  points  the  reducing  substance  exactly  resembles  pyro- 
cntechin  (O^H^Oj,  called  also  catechol,  and  oxypheuic  acid).  Even 
alUiough  I  cannot  give  an  elementary  analysis,  the  tests  are  so 
numerous  that  I  consider  it  certain  that  the  two  substances  are 
identical:  in  crystalline  form,  in  solubilities,  in  reaction,  and  in  taste 
(which  is  very  striking  and  peculiar)  the  two  are  alike.  Both  have  no 
action  on  polarised  light;  both  reduce  Fehling's  solution  with  the 
formation  of  a  green  fluid  floating  above  the  rod  precipitate;  neither 
reduce  bismuth  salts,  but  examined  in  the  way  just  described  both 
give  a  white  precipitate :  both  are  darkened  on  exposure  to  the  air  in 
alkaline  solution,  and  both  are  turned  green  on  the  addition  of  ferric 
chloride. 
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Case  13.  Chronic  hydrocephalus  in  a  child  aged  18  months \  The  fluid 
was  removed  at  the  autopsy  which  took  pkce  five  hours  after  death,  and  it 
was  examined  by  me  immediately. 

It  was  clear,  colourless,  faintly  alkaline  and  of  specific  gravity  1008.  It 
contained  a  trace  of  a  substance  which  reduced  Fehling's  solution. 

Proteida.  The  amount  of  protoid  present  was  exceedingly  small,  s:\tunitiou 
with  ammonium  sulphato  only  produced  a  slight  cloud.  On  account  of  this 
only  a  few  observations  were  made  on  the  proteids;  which  may  be  briefly 
summarized  as  follows : — 

(a)  Satui*ation  with  ammonium  sulphate;  the  filtrate  gave  a  faint  tinge 
of  yellow  with  the  xanthoproteic  reaction,  and  a  small  precipitate  with 
tannin.  Biuret  reaction  nil.  There  was  thus  a  small  quantity  of  true 
peptone  present,  too  small  however  to  give  the  biuret  I'eaction. 

(5)  After  exposure  for  six  houra  to  a  temperature  of  40* C.  the  fluid  was 
then  saturated  with  ammonium  sulphate  and  filtered ;  the  filtrate  gave 
precisely  the  same  tint  with  the  xanthoproteic  reaction ;  also  a  similarly  small 
precipitate  with  tannin.  There  had  therefore  been  no  inci'ease  in  tlie  formation 
of  i)ept6ne  due  to  any  process  of  uolf-digestion.  A  proteolytic  ferment  tictive 
in  an  alkaline  solution  was  therefore  absent. 

(c)  Saturation  with  magnesium  sulphato  produced  a  pnvcipitato  whii-li 
was  found  to  consist  of  globulin  coagulating  at  75*  C,  also  proto-albumose. 
The  filtrate  contained  a  proteid,  as  was  shown  by  a  faint  yellow  colour 
produced  by  the  xanthoproteic  reaction,  and  a  small  precipitate  with  tannin. 
There  was  however  no  coagulation  on  boiling  after  acidifying  with  weak 
acetic  acid.  The  proteid  present  in  the  filtrate  was  thei-cfore  the  peptone 
found  also  in  the  filtmte  after  satunuiou  with  ammonium  sulphato :  the  tint 
by  the  xanthoproteic  reaction  was  approximately  the  same,  as  described  in  {a) 
and  (6). 

{d)  Nitric  acid  added  to  the  original  fluid  gave  a  precipitate,  which 
almost  entirely  disappeared  on  heating,  and  reappeared  on  cooling.  The 
albumose  was  therefore  present  in  the  original  fluid,  and  not  formed  ivom 
other  proteids  by  the  action  of  heat.  The  reason  that  the  precipitate 
with  nitric  acid  did  not  entirely  disHolve  on  the  ajiplication  of  licat  whm 
presumably  the  coexistence  in  the  fluid  of  a  small  amount  of  globulin. 

{e)  The  amount  of  pruteid  in  the  fluid  was  too  small  to  give  any  pink 
or  violet  colouration  with  copper  sulphate  and  caustic  potafth.  This  reaction 
is  not  by  any  means  a  delicate  test  for  proteids. 

Conduaions.  The  fluid  contained  a  trace  of  reducing  substance, 
and  a  much  smaller  percentage  than  usual  of  proteids;   the  proteids 

'  I  have  to  thank  Mr  Murray,  Drliinger's  house  phytdcian,  for  this  flnid. 
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presjCQt  were  globuliu,  proto-albumose,  and  small  quantities  of  true 
peptona     Finding  the  organic  constituents  so  scanty,  I  detqrmined  to 
devote  the  remainder  of  the  fluid  I  had  to  the  investigation  of  the 
inorganic   constituents;   and   especially   to  the   determination   of  the 
relative  amounts  of  sodium  and   potassium   salts.    C.  Schmidt  has 
stated  that  the  percentage  of  potassium  salts  is  much  higher  in  cerebro- 
spinal fluid  than  in  other  fluids  of  the  body,  and  it  seems  to  be  on  this 
ground  chiefly  that  he  speaks  of  the  fluid  as  a  secretion  rather  than  a 
transudation.     Subsequent  oliservers  have   not  confirmed   Schmidt's 
statement,  and   in   this   particular   case   I  found  that  the  amount  of 
potassium  salts  reckoned  as  chloride  formed  about  four  per  cent,  of  the 
tiital   inorganic  constituents,   which    is    about    the    normal    relation 
throughout  the  fluids  of  the  body. 

The  method  of  analysis  adopted  is  one  which  seems  to  me  to  be  worth 
recording  in  detail;  the  actual  analysis  was  performed  under  the  super- 
intoudcnceofDr  Plimpton  (Assistant  Professor  of  Chemistry,  University 
College,  London);  for  whoso  help  and  suggestions  I  am  greatly  indebted. 
Incineration  is  a  fallacious  method,  since  during  ignition  certain  salts, 
especially  sodium  salts,  are  volatilised;  and  if  Schmidt  worked  with 
small  quantities  of  fluid  this  would  perhaps  explain  his  results.     In  the 
present  case  300  cc.  of  the  fluid  were  evaporated  to  dryness  over  the 
wator  bath,  in  a  porcelain  basin;  the  solid  residue  wjis  evaporated  on 
the  water  bath  to  dryness  two  or  three  times  with  fuming  nitric  acid 
to  destroy  the   organic  matter,  and   then  two  or  three  times  with 
strong  hydrochloric  acid  to  convert  the  salts  present  into  chlorides; 
baryta  water  was  then  added,  until  the  liquid  was  just  alkaline,  and 
thus  lime,  magnesia,  and   phosphates   were   precipitated,  and   filtered 
off.     The  precipitate  was  washed   with   hot  water;  the  filtrate  and 
washings  were  then  concentrated  on  the  water  bath,  a  drop  of  ammonium 
carbonate  solution  being  ;uldcd  from  time  to  time  to  precipilH'ii'C  the  excess 
of  baryta.     This  was  filtered  off,  and  the  filtrate  collected  in  a  platinum 
capsule,  in  which  it  was  evaporated  to  dryness  on  the  water  bath, 
and  then  ignited  carefully  at  a  low  red  heat  to  destroy  a  trace  of  organic 
matter  which  still  remained.     The  residue  was  dissolved  in  water,  and 
the   a<iueous  solution   evaporated   in   a  weighed    platinum   dish;   the 
residue  =  sodium  chloride  +  potassium  chloride  weighed  27825  grammes. 
This  was  dissolved  in  water ;  platinic  chloride  was  added  in  excess  and 
thus  the  potassio-platinic  chloride  was  precipitated;  the  sodium   salt 
was  washed  out  first  with  platinic  chloride  solution,  then  with  alcohol 
and  ether,  and  the  remaining  K,PtCl„  weighed.     The  amount  of  KCl 
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present  was  thus  calculated  to  be  0*0859  grammea     In  100  parts  there- 
fore NaCl  :  KCl  =  9615  :  4-85. 


General  Conclusions  and  Remarks. 


In  drawing  up  the  general  results  of  the  preceding  investigations 
it  will  be  also  convenient  to  allude  to  previous  researches  on  the  same 
subject. 

Oeneral  properties  and  constituents.  All  previous  observers  have 
described  cerebro-spinal  fluid  as  a  clear,  generally  colourless  fluid,  of  a 
faintly  alkalino  reaction,  and  of  low  specific  gravity  (1006 — 8).  Tho 
percentage  amount  of  the  chief  constituents  has  been  ascertained  by 
BerzeliusS  Mulder*,  Marcet\  C.  Schmidt",  Mdhu',  Hoppe- 
Seyler*,  Yvon*,  Muller*  and  Lassaigne'. 

All  however  show  approximately  the  same  results;  I  shall  therefore 
merely  subjoin  Hoppe-Seylcr's  antilyses  for  the  purpose  of  comparison 
with  my  own. 

Analysis  of  cerobro-spinal  fluid  obtained  by  pimcture  in  two  cases 
of  spina  bifida. 


L 

II. 

Ist  punctare 

2nd  panotnre 

3rd  pnnoture 

let  puncture 

2nd  punctare 

Water 

Solids 

Pi-oti-idrt 

Extractives 

Salts 

987-49 

12-51 

1-G2 

I      10-52 

986-88 

13-12 

2-G4 

2-83 

8-67 

986-72 

13-28 

2-i6 

2-65 

8-49 

989-33 

10-67 

-25 

2-30 

8-02 

989-89 

10-20 

•55 

2-00 

7-65 

These  figures  suflicicntly  illustrate  the  fact  confirmed  in  my  own 
analyses,  that  cerebro-spinal  fluid  is  poor  in  the  amount  of  protcid 
material  it  contains:  and  that  tho  amount  of  salts  is  approximately  the 
same  as  in  blood  and  lymph.     Schmidt's  analyses  of  hydrocephalus 

>  Qaoted  by  Tvon,  see  reference  below. 

^  Analyses  qaoted  in  Hoppe-Seyler's  PhysiologUche  Chemit. 

*  M6hn,  Chivue  midieale, 

*  Hoppe-Seylor,  PJty«ioJ.  Cheinie,  p.  001. 

*  Yyoh,  Jonrnnl  de  phurtiuicle  et  tie  rhiniie,  Scrio  iv.  Vol.  xxvi.  18H7,  p.  210. 
«  Pr.  Milller,  MUthe'd.  a.  d,  Wiirzburyer  lutd.  Klinik,  Vol.  i.  p.  2r,7. 

7  Quoted  by  Tliieiy,  Pi'Oifre»  medlvale.  Vol.  xiv.,  p.  286  (lK8/»). 
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fluid  show  a  rather  higher  percentage  of  proteids  than  Hoppo-Seyler'a 
analyses  of  spina  bifida  fluid. 

Most  interest  however  is  attached  to  the  individual  constituents 
themselves,  apart  from  their  quantity,  and  I  shall  therefore  take  up 
separately  the  proteids,  reducing  substance,  and  salts* 

Pivteids  of  cerebro-spinal  fluid.  Yvon  investigated  one  specimen 
of  hydrocephalus  fluid,  and  he  found  in  it  proteids  which  he  named 
hydropisine,  m^talbumine,  and  serine;  the  nomenclature  indicates  that 
the  methods  adopted  for  tho  separation  of  proteids  were  somewhat  old- 
fashioned,  and  thus  tho  observation  is  of  but  little  value.  Fr.  MUllor 
in  a  case  of  hydrocephalus  fluid  found  both  globulin  and  albumin:  but 
no  exact  details  are  given  of  the  method  adopted  for  separation.  Most 
of  the  other  observers  mentioned  merely  give  the  quantity  of  total 
protcid  present,  or  more  generally  use  the  word  albumin  s}monymously 
with  protcid. 

Jloppe-Scyler*  however  recognised  that  there  is  something  peculiar 
about  the  proteids  present:  he  says  that  boiling  gives  a  cloudiness  only, 
because  the  quantity  of  proteid  is  small,  and  the  liquid  is  alkaline. 
There  is  nothing  peculiar  about  that;  a  weak,  alkaline  solution  of  any 
albumin  or  globulin  does  not  give  a  flocculent  precipitate  on  heating 
until  it  is  rendered  faintly  acid.  Hoppe-Seyler  then  goes  on  to  say 
that  although  ho  had  at  one  time  considered  that  the  proteid  present 
was  of  the  nature  of  casein,  later  investigation  had  led  him  to  believe 
that  it  was  a  globulin.  He  further  states  that  fibrinogen  is  absent ; 
there  is  no  coagulum  on  heating  to  5G"C.  and  no  formation  of  fibrin  on 
admixture  with  serum.  This  is  so  far  as  I  can  find  the  only  trust- 
worthy statement  previously  made  with  regard  to  the  nature  of  the 
proteids. 

Let  me  now  give  a  resume  of  the  investigations,  so  far  as  they  relate 
to  the  proteids,  which  I  have  made. 

»  loe,  cit.  p.  C07. 
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Case. 

Qaantity  of  Proteid. 

Kind  of  Proteids  present. 

1.    S.B.' 

00842  per  cent. 

Globulin;  albumose  of  doubtful  variety 

2.    S.B. 

0-1G02       „ 

Not  investigated 

3.    S.  B. 

0-0199       „ 

Olobulin 

4.    S.B. 

Globulin;  proto-albumose;  deutero-albu- 
mose 

5." 

Albumose    present;     other    reactions 
doubtful 

7.    H. 

0-66 

Fibrinogen ;  serum  globulin ;  serum  al- 
bumin ;  proto-albumose  (acute  case) 

8.'   . 

Globulin;  proto-albumose 

9.    S.  B. 

l8t  tapping 

Globulin;  albumin;  proto-albumoso 

2nd     „ 

Proteids  more  abun- 
dant than  in  first  tap- 
ping 

Globulin;  albumin;  proto  albumose 

10.    H. 

Globulin;  proto-albnmose;  peptone 

11.    S.  B. 

Globulin 

12.    H. 

Ist  aspiration 

0045 

Globulin  (traces);  proto-albumose 

2ud       „ 

00G9 

Globulin;  proto-ulbumose 

3i-d       „ 

0-272 

Globulin ;    albumin ;    proto-albumoso 
(traces) 

13.    H. 

Globulin ;    proto-albumose ;    peptone 

(traces)  . 

In  two  ca.ses  the  proteid  present  consisted  wholly  of  globulin.  In 
six  cases,  the  proteids  consisted  of  globulin  and  albumose.  The  albumose 
present  was  generally  proto-albumose:  in  one  case  deutero- albumose 
\vas  present  also;  in  two  eases  peptone  was  present  in  addition  to 
fllbumoses,  that  is  true  peptone  in  Kuhne's  sense;  a  proteid  which  is 
not  precipitable  by  saturation  with  ammonium  sulphate.  In  three 
cases  albumin  was  present,  but  two  of  the  three  cases  may  be  excluded 
from  the  general  classification  ;  Case  7  was  a  case  of  acute  inflammation, 
and  in  Case  12  (third  tapping)  there  wixs  also  doubtless  a  chronic  or 
subacute  inflammatory  condition ;  that  leaves  us  with  Cose  9  as  the  only 
instance  in  which  apparently  normal  cerebro-spinal  fluid  contained 
albumin. 

Fibrinogen  was  absent  throughout  (except  in  Case  7,  which  as 
before  mentioned  was  not  an  instance  of  the  normal  fluid  but  is  useful 
for  the  sake  of  contrast  with  the  normal  fluid).     Addition  of  cerebro- 

1  S.  D.  means  spina  bifida.    H.  means  hydrooephaloB. 

9  Cose  of  myxoedema.  '  Case  of  cerebral  meningoeoelc. 
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spinal  fluid  to  serum  never  caused  the  formation  of  fibrin ;  heating  the 
cerebro-spinal  fluid  to  56'  C.  also  caused  no  precipitate.  The  globulin 
present  is  one  which  like  serum  globulin  is  coagulated  at  a  temperature 
of  75*.  It  is  not  cell  globulin \  as  when  tested  with  dilute  magnesium 
sulphate  plasma  it  has  none  of  the  properties  of  fibrin-ferment 

The  interest  however  of  the  proteids  seems  to  me  to  be  the  presence 
of  albumoses,  and  peptones :  on  investigating  the  question  as  to  whether 
the  fluid  contains  any  digestive  ferment  to  produce  these,  the  experi- 
ments I  have  performed,  and  which  have  already  been  described  (pp. 
242'»{),  gave  in  all  cases  a  negative  result 

Peptone  has  from  time  to  time  been  described  as  a  normal  con- 
stituent of  blood,  milk,  pus,  and  other  fluids  and  tissues  of  the  body. 
As  Neumeister*  has  recently  pointed  out  such  observations  were 
made  previous  to  the  discovery  of  the  use  of  ammonium  sulphate  as  a 
means  of  Si^paniting  jioptonos  froiii  other  proteids,  and  arc  tlierofore 
untrustworthy.  He  also  considers  it  i)ossible  that  in  the  heat  coagu- 
lation of  albumins  and  globulins,  a  small  amount  of  primary  albumoses 
(i.e.  proto-  and  hetero-albumose)  may  be  formed  by  the  hydrating  action 
of  the  acidified  hot  water.  This  action  must  however  be  very  small 
when  the  acidification  is  so  slight,  and  the  heating  is  prolonged  for  so 
short  a  time  (two  or  three  minutes)  as  it  was  in  my  experiments.  I 
however  in  several  ctuses  obtained  evidence  of  albumoses  in  the  original 
fluid,  and  in  Case  12  separated  the  albumoses  from  other  proteids  by 
tlie  use  of  alcohol;  alcohol  precipitates  all  the  varieties  of  proteid 
present,  and  its  prolonged  action  coagulates  (i.e.  renders  subsequently 
insoluble  in  water)  the  globulin,  and  leaves  the  albumoses  still  freely 
soluble. 

I  tested  the  question  as  to  the  presence  of  albumoses  in  other  fluids, 
by  first  filtering  o(T  the  proteids  coagnlable  by  acidulation  and  l>oiling, 
and  then  testing  for  albumoses  by  the  nitric  acid  and  biuret  reactions. 
In  this  way  I  examined  seven  specimens  of  blood  (man,  horae,  sheep  and 
rabbit),  two  specimens  of  pericardial  fluid  (horse),  one  specimen  of 
pleuritic  fluid,  four  of  ascitic  fluid,  four  of  fluid  removed  from  blisters, 
and  three  of  hydrocele  fluid.  As  a  rule  the  filtrate  gave  a  faint 
xanthoproteic  reaction ;  in  a  few  cases  there  was  not  suflicient  proteid 
to  give  even  that ;  but  in  all  cases  albumoses  were  absent. 

Reducing  substance.    The  existence  of  a   reducing   substance   in 


'  Sco  my  paper  on  Uio  Nature  of  Fibrin  Formont :  Uiis  Journal^  Vol.  ix.  p.  229. 
^  Moumoistcr,  ZeiUchr.  fHr  liioUtgiet  Vol.  zziv.  p.  272. 
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cerebro-spinal  fluid  has  long  been  known.  Claude  Bernard*  spoke  of 
it  as  sugar.  Bussy  and  Des champs'  found  a  reducing  substance  in 
the  normal  cerebro-spinal  fluid  of  the  horse  and  dog,  as  well  as  in  a 
specimen  obtained  from  the  ear  of  a  man  who  had  sustained  a  fracture 
of  the  base  of  the  cranium.  In  none  of  their  experiments  however  were 
they  able  to  induce  the  alcoholic  fermentation.  The  idea  that  the 
substance  in  question  was  not  sugar  but  something  else,  did  not  strike 
them,  and  it  was  Turner' (who  examined  the  fluid  removed  from  a 
case  of  spina  bifida  by  Sir  James  Paget)  who  made  the  suggestion 
that  probably  it  was  not  a  carbohydrate  at  all,  but  some  derivative  of 
albumin  that  possessed  the  reducing  action. 

Since  that  time,  the  existence  of  a  reducing  substance  in  cerebro- 
spinal fluid  has  been  a  matter  of  common  observation.  In  addition  to 
not  undergoing  the  alcoholic  fermentation,  the  fact  has  also  been 
observed  that  it  has  no  action  on  the  plane  of  polarised  light.  This 
negative  evidence  I  have  been  able  to  confirm,  and  to  add  to  it  the 
additional  point  that  it  does  not  give  the  phenyl-hydrazine  test  for 
sugar*. 

Qorup-Besanez'  suggested  that  the  substance  was  the  same  as 
Bodeker's  alcapton*,  a  statement  to  which  my  attention  was  first 
drawn  by  a  paper  by  Q.  Thiery';  but  I  am  not  aware  that  this 
supposition  has  ever  before  been  put  to  the  test  of  experiment.  Alcap- 
ton  was  the  name  given  by  Bodeker  to  a  reducing  substance  oc- 
casionally occurring  in  urine,  and  which  has  since  been  shown  to 
consist  of  pjH'ocatechin  or  allied  aromatic  substances.  The  observations 
detailed  under  Cases  7  and  12  (pp.  238  and  247)  have  convinced 
mo  that  the  substance  is  pyrocatechiu :  though  whether  this  substitnco 
is  present  free,  or  in  some  combined  condition  I  am  unable  to  state. 

Hoppe-Seyler  states  that  the  reducing  substance  (which  he  speaks 
of  as  sugar)  is  not  a  normal  constituent  of  cerebro-spinal  fluid,  but  only 

1  Quoted  by  Gornp-Bosanoz,  Lehrbttch.  Vol.  ii.  p.  397. 

'  Bulletin  de  Vacademie  de  midecinf,  Deo.  1852. 

'  Jtayal  Society,  Proceedingt,  Vol.  yii.  (1854),  p.  89. 

<  A  faot  which  also  exolndea  glneoBamine,  a  nitrogenous  reducing  snbstanoe  (^ee 
F.  Tiemann,  Berichte  d,  Berlin  chem.  OeseUtehaft,  Vol.  xiz.  p.  49).  Qlyeuronio  acid  ia 
exdnded  by  the  fact  that  the  reducing  substance  in  cerebro-spinal  fluid  is  optically  inactive, 
is  soluble  in  cold  alcohol,  is  completely  precipitated  by  neutral  lead  acetate,  and  does  not 
reduce  bismuth  salts. 

*  !oc,  cit, 

«  ZfiUchr.  /.  rat.  Med.,  Vol.  vii.  p.  128. 

7  Thicry,  Proures  midicale,  Vol.  xiv.  p.  2M0. 
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appears  subsequent  to  the  irritation  set  up  by  tapping.  In  my  own 
work  I  have  never  failed  to  find  the  reducing  substance ;  its  quantity 
however  is  very  much  increased  by  repeated  tapping  or  aspiration. 
The  fluid  removed  by  the  first  operation  may  rdpire  to  be  concentrated 
before  it  gives  the  test  in  question. 

Salts.  C.  Schmidt  made  several  analyses  of  hydrocephalus  fluid 
and  remarked  on  the  high  percentage  of  potassium  salts  present.  I 
quote  three  analyses^. 


Inorgj 

niiio  salts  in  parts  por  1000. 

I 

II 

III 

K.SO, 

0096 

0193 

0-222 

KCl 

2181 

1-485 

0-232 

NaCl 

4-438 

4101 

6-054 

Na,PO, 

0-613 

0-486 

0-115 

Na> 

1-842 

2-290 

0-987 

Ca.(PO,)    \ 
Mg.(POJ.  1 

0  307 

0-362 

0-271 

In  two  out  of  the  three  cases  as  is  seen,  there  is  certainly  a  higher 
))crccntage  of  potassium  salts  than  occurs  in  blood  and  lymph. 

Subsequent  investigations  have  however  shown  that  this  is  quite 
exceptional ;  the  following  are  a  few  analyses  that  I  have  been  able  to 
find. 

Lassaigne  gives  the  following  numbers :  in  fluid  removed  from  an 
old  woman,  the  total  quantity  of  salts  in  parts  per  1000  was  8'54,  of 
which  S'Ol  consisted  of  sodium  chloride ;  in  the  cerebro-spinal  fluid  of 
the  horse  he  found  total  salts  per  1000,  6*89,  of  which  6*10  consisted  of 
sodium  chloride. 

Yvon  examined  the  fluid  from  a  case  of  hydrocephalus  and 
found  total  salts  per  1000,  8-90,  of  which  7*098  consisted  of  sodium 
chloride. 

Fr.  MuUer's  case  was  also  one  of  hydrocephalus:  he  found  the 
total  salta  \^x  1000  to  be  880 ;  and  the  ratio  NaCl :  KCl  =  21*5  : 1. 

In  the  one  case  (Case  13)  in  which  I  have  investigated  this  (lucstion, 
the  ratio  of  the  two  salts  was  nearly  the  same  as  in  MiiUcr's  caso : 
viz.  NaCl  :  KCl  =  9515  :  485. 


Taken  from  Hoppe-Soyler's  Phj$ioL  Cheme,  p.  C04. 
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The  analysis  is  fully  described  on  p.  261,  and  I  would  specially 
draw  attention  to  two  points  in  the  method  adopted :  (1)  that  a  large 
quantity  of  liquid,  300  c.c.  was  taken,  and  thus  errors  due  to  manipula- 
tion were  minimised:  (2)  organic  matter  was  destroyed,  not  by  ignition 
but  by  means  of  fuming  nitric  acid :  by  this  means  the  passing  oif  of 
volatile  salts  like  sodium  chloride  was  entirely  prevented.  Ignition  was 
employed  in  a  later  stage  to  destroy  the  last  traces  of  organic  matter; 
but  it  is  when  incineration  is  performed  in  the  presence  of  a  large 
quantity  of  carbonaceous  matter  that  the  danger  of  salts  like  sodium 
chloride  being  carried  off  is  especially  to  be  feared. 

A^  regards  the  saline  constituents,  it  can  therefore  be  said  that 
there  is  no  peculi<arity  in  ccrobro-spinnl  Ihiid.  It  is  in  the  cxcopi.ional 
character  of  the  proteids,  and  in  the  presence  of  pyrocatechin,  that  this 
fluid  stands  clearly  marked  off  from  serous  or  lymph-like  fluids. 
Several  interesting  questions  arise  out  of  an  investigation  like  this,  but 
with  which  I  have  not  attempted  to  deal.  Such  questions  are  those 
relating  to  the  secretion  of  the  fluid ;  where  and  under  what  circum- 
stances is  it  secreted?  and  is  the  function  of  the  fluid  excretory,  or 
nutritive  ?  or  is  the  composition  of  the  fluid  merely  accidental,  and  its 
function  merely  the  mechanical  one  of  exercising  a  necessary  pressure 
upon  the  organs  it  bathes  ? 


Th«  expenses  inyolved  in  this  investigation  have  been  defrayed  from  a  grant  made  by 
the  Scientific  Grants  Committee  of  the  British  Medical  Association. 


ON  THE  ELECTRICAL  ORGAN  OF  THE  SKATE. 
Part  II.  By  J.  BURDON  SANDERSON,  M.D.,  F.R.S. 
AND  FRANCIS  GOTCH,  Hon.  M.A  Oxon,  B.A,  B.Sc.  London. 
PL  XXII. 

In  the  previous  paper^  several  questions  were  enumerated  as  stil) 
requiring  investigation,  particularly  the  nature  of  the  normal  reflex 
process  by  whicli  the  electric  organ  is  discharged,  and  the  measurement 
of  the  electromotive  force  of  the  response  of  the  organ  to  a  single 
excitation.     The  following  observations  relate  chioHy  to  these  points. 

Section  I.    The  reflex. 

It  was  stated  in  the  last  paper  that  the  skate  can  be  at  any  time 
induced  to  disch<arge  its  organ  by  nibbing  the  suiface  of  the  skin.  The 
response  consists  of  one  or  more  electrical  shocks  of  which  the 
direction  is  always  from  the  root  to  the  tip  of  the  tail.  To  observe  tliis 
effect  conveniently  the  skate  is  secured  with  its  ventral  surface  applied 
to  a  board  of  similar  shape  to  that  of  its  own  body.  The  board  is 
plunged  in  a  tub  of  sea  water,  which  covers  the  spiracles,  leaving  the 
tail  and  hinder  part  of  the  body  exposed.  It  is  then  easy  to  apply 
cables  to  the  tail  as  described  in  our  first  paper  and  to  connect  these 
oiiher  with  the  rheoscopic  frog  preparation  or,  by  means  of  non-polaris- 
able  electrodes,  with  a  galvanoscope. 

It  was  before  stated  (p.  145  last  paragraph)  that  we  were  unable  to 
obtain  discharges  by  electrical  stimulation  of  the  skin.  This  year 
however  we  succeeded  in  doing  so,  using  needle  electrodes,  which  were 
introduced  subcutaneously  two  or  three  inches  apart.  No  res|)onse 
could  be  obtained  when  single  induction  shocks  were  used,  unless 
the  intensity  was  so  great  ns  to  give  rise  to  unipolar  escape,  but  repeated 
excitation  by  farailisation  (with  or  without  the  side  wire)  yielded 
summation  results  which  could  be  depended  upon. 

>  This  Jourml,  Vol.  ix.  pp.  187— IGC. 
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The  time  and  character  of  the  response  could  no  doubt  be  recordeil 
with  much  greater  advantage  by  photography  than  by  any  other 
method,  but  the  apparatus  necessary  for  the  purpose  was  not  at  our 
disposal.  We  had  therefore  recourse  to  the  rheoscopic  frog  prcpanition, 
which  was  so  arranged  as  to  inscribe  its  contractions  on  a  bl'ickiMicd 
surface  of  which  the  rate  of  movement  (4  ccntim.  per  second)  was 
measured  by  recording  at  the  same  time  the  vibrations  of  the  hammer 
of  the  induction  apparatus,  for  which  purpose  an  electro-magnetic  time- 
marker  was  introduced  into  the  circuit  of  the  primary  coiL 

The  axis  of  the  recording  cylinder  was  horizontal,  and  the  bell-crank 
lever  of  the  myograph  worked  on  a  vertical  axis.  The  long  arm  carried 
a  straw  with  a  parchment  pen  cemented  to  its  tip.  The  muscle  acted 
on  the  short  arm,  its  action  being  resisted  not  by  a  weight,  but  by  an 
india-rubber  spring  attached  to  a  thread  which  was  wound  round  the 
axle  of  the  lever.  The  myograph  was  connected  either  with  the  toes 
of  the  rheoscopic  limb,  so  as  to  take  advantage  of  the  greater  excitability 
of  the  peroneal  muscles,  or  with  the  tendo  achillis.  Tho  mode  of 
procedure  is  as  follows : — 

The  cables  attached  to  tho  tail  are  laid  on  a  couple  of  wcnlgo-shapt'd 
lumps  of  kaolin,  which  rest  on  a  glass  plate,  and  placed  at  a  dist4ince 
of  a  centimeter  from  each  other.  The  block  of  the  myograph  to  which 
the  rheoscopic  preparation  is  fixed  is  now  brought  into  such  a  position 
that  the  nerve  can  be  made  to  bridge  in  air  the  two  kaolin  masses. 

In  a  fresh  preparation  of  R.  maculata  it  was  found  that  tho 
rhcoscope  responded  after  seven  vibrations  of  tho  hammer.  As  the  rate 
of  vibration  had  been  ascertained  by  comparison  with  that  of  a  tuniiij^- 
fork  to  bo  50  per  second,  this  gives  a  delay  of  0'14",  from  which 
probably  0O2''  ought  to  be  subtracted  for  delay  due  to  muscle  latency 
and  to  mechanical  causes.  It  will  be  noticed  that  the  experiment 
affords  no  information  as  to  the  true  reaction  time.  It  shews  nothinjnr 
more  than  that  here  as  in  other  cases  of  electrical  stimulation  of 
the  skin  a  reflex  response  can  only  be  obtained  by  summation  of 
stimuli. 

In  all  our  experiments  relative  to  the  reflex  process,  excepting  the 
one  above  described,  mechanical  excitation  of  the  skin  was  preferred  to 
electrical,  as  being  much  more  certain. 

In  the  observations  made  this  autumn  at  Plymouth  in  which  four 
species  of  skate  were  used,  wo  met  with  no  instance  in  which  di.schargo 
could  not  be  evoked  by  acting  mechanically  on  the  skin.  The  species 
used  were  R,  davata,  R,  Batis,  K  macuiata  and  R,  microcellata.  In  the  two 
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last  mcutioucd,  wliicli  were  not  at  our  disposal  at  St  Andrews,  the  organ 
presents  the  same  strnntural  characters  as  in  Batis  and  cUivata  an<l  is 
quite  as  active  functionally.  In  animals  in  a  good  state,  mere  pressure 
with  a  vulcanite  rod  on  the  dt>rsal  surface  near  its  lateral  border 
was  effectual;  in  others,  results  could  only  Ix)  obtained  by  rubbing.  It 
need  scarcely  be  observed  that  in  both  cases  there  is  summation. 
Responses  can  also  be  obtained  by  a<!ting  similarly  on  the  ventral 
surface,  but  with  much  greater  diflSculty  and  uncertainty. 

In  order  to  determine  with  certainty  whether  or  not  a  response 
occui-s,  the  rhooscopic  frog  preparation  is  not  suitable,  for  contractions  are 
only  obtained  when  the  shocks  are  of  considerable  intensity.  It  is 
therefore  necessary  for  the  investigation  of  the  reflex,  to  use  a  much 
more  delicate  galvanoscope.  For  this  reason  all  our  experiments  were 
80  arranged  that  we  could  at  the  same  time  observe  the  rheoscopic 
contractions  of  the  limb  and  the  indications  of  a  capillary  electrometer 
connected  with  the  cables  alrojuly  mentioned  by  nonpolarisahle  elec- 
trodes. It  was  then  seen  that  resiK>nses  which  are  much  too  feeble  to 
excite  contractions  give  large  cxcuraions  of  the  mercurial  column. 

With  a  view  to  the  determination  of  the  afferent  channels  by  whicli 
the  reflex  can  be  evoked,  our  attention  was  first  directed  to  the  fifth 
nerve.  In  the  skate,  this  nerve  furnishes  a  large  branch  to  the  sensory 
ampullne,  the  tubes  of  which  spread  over  a  coTisiderable  part  of  the  dorsal 
surface  of  the  aninuil.  It  seenjod  not  improbable  that  they  might  have 
sonic  importance  as  afferent  channels. 

Before  proceeding  further,  it  may  not  l)o  out  of  place  to  refer  to  the 
extraordinary  mistake  made  first  by  M.  Jobert  de  Lamballe  (1858) 
and  subsequently  (18t)l)  by  Dr  MacdonnelP,  both  of  whom  regarded 
the  bunch  of  ampullae  and  the  nerves  distributed  to  them  as  a 
single  organ  and  believed  it  to  be  the  homologue  of  the  electrical  organ 
of  Torpedo, — in  M.  Jobert's  words,  a  rudimentary  electric  appa- 
ratus. This  misconception  would  have  had  little  interest  in  connection 
with  our  present  enquiry,  had  it  not  unfortunately  misled  Mr  Darwin 
in  his  discussion  of  the  difficulties  which  the  electrical  organs  of  fishes 
offer  in  this  relation  to  the  theory  of  Natural  Selection  {Origin  of  Spec, 
p.  150,  Gth  Edition).  TTndor  this  head  Mr  Darwin  remarks*  In  the 
ilsiy.. .there  is  an  organ  near  the  head  not  known  to  be  electrical,  but 
which  appeal's  to  be  the  real  homologue  of  the  electric  battery  of  the 

^  Jobert  (de  Lamballe),  Da  ApixireiU  Eleclriques  des  Poimoiu  KLeclriqiien,  Parin 
1858,  p.  39 — 43.  Dr  B.  H.  Macdotincll,  *'0u  an  organ  in  the  skate  which  appears  to  be 
the  luimolognc  of  the  electrical  organ  of  the  Torpedo."    Nat.  JlUt.  lieview  IHCl,  p.  57. 
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Torpedo."     In  the  Life  (Vol.  II.  p.  353)  a  letter  is  printed  in  which' 
he  refers  to  Dr  MacdonnelTs  discoveries. 

It  may  be  asked  on  what  ground  M.  Jobert  concludes  that  this 
organ,  the  true  structure  of  which  had  been  made  out  by  Leydig  as 
early  as  1852,  is  possessed  of  electrical  properties*.  The  answer  is, 
that  without  making  any  experiments,  he  conjectured  that  «iuo<!  it 
rjsemblcd  the  organ  of  Torpedo  in  anaU)micJil  position,  in  consiHting  of  a 
tube  ciiarged  with  gelatinous  semifluid  material,  and  in  being  richly 
supplied  with  nerves,  the  two  must  correspond  in  function!  It  is 
scarcely  necessary  to  add  that  there  is  no  real  resemblance  either  in 
structure  or  function.  Experiment  shews  that  the  organ  is  electrically 
inactive. 

The  branch  of  the  fifth  nerve  which  ends  in  the  sensory  ampullae  is 
at  least  three  times  as  large  as  any  other  branch.  It  can  be  easily 
divided  without  opening  the  cranial  cavity,  and  we  were  able  by  ex- 
citing electrically  the  central  end  of  the  divided  nerve  to  evoke  a 
discharge;  but  in  repeated  experiments  in  which  the  production  of  dis- 
charges by  mechanical  excitation  of  the  skin  on  the  same  side  and  on 
the  opposite  (uninjured)  side,  were  compared,  no  difference  could  be 
observed,  whatever  part  of  the  dorsal  surface  was  acted  upon. 

The  next  step  was  to  ascertain  whether  the  division  of  the  trunk  of 
the  trigeminus  put  an  end  to  the  reflex  effect  of  stimulation.  This 
was  easily  acc(»mplished  by  plunging  a  narrow  bladed  knife  through 
the  lateral  wall  of  the  brain  case,  so  as  to  sever  the  nerve  in  its  carti- 
laginous canal.  The  first  experiment  shewed  distinctly  that  after 
division  a  response  could  be  got  by  rubbing  the  skin  at  least  as  easily 
as  before. 

We  next  made  a  sagittal  incision  in  another  skate  (R.  maculata) 
beginning  from  the  inner  wall  of  the  orbit  and  extending  backwards  for 
half  an  inch.  By  this  incision,  as  was  afterwards  ascertained,  all  the 
cranial  nerves  were  divided,  excepting  the  olfactory  and  Vi»gus  group. 
The  rubbing  reflex  could  still  be  obtained.  Finally  in  another  skate 
(R.  clavata)  the  division  was  extended  backwards  on  the  right  side  so  as 
to  include  the  vagus  and  forwards  to  the  anterior  border  of  the  animal's 
body.  The  knife  was  then  passed  through  from  the  dorsal  to  the  ventral 
surface  so  as  to  sever  all  structures  to  the  right  of  the  line  of  incision 
from  the  cranium  and  snout.     The  reflex  response  occurred  as  easily  as 

1  Of  this  SDyone  may  satiBfy  himself  by  comparing  Jobert' 8  elaborate  Plates  with  the 
woodcat  in  Leydig's  work.  Beilrfiffe  zur  mikr.  AiuiL  der  Rw.htni  titul  Ilaien^  Jjinp/.ig 
1852,  p.  41. 
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before  the  incision.  We  then  immediately  made  a  similar  severance  on 
tlic  oilier  side.  'V\\g  reflex  result  w.'us  still  obtained  and  with  equal 
readiness,  from  mechanical  excitation  of  all  parts  of  the  dorsal  surface 
The  experiment  was  repeated  in  two  other  animals  with  the  same 
results.  It  is  clear  therefore  that  the  channels  of  influence  are  chiefly 
spinal. 

The  reflex  centre.  The  following  experiment,  which  was  repeated 
five  times  with  unvarying  result,  the  specimens  used  being  R  maculata 
or  clavata,  shews  that  division  of  the  spinal  cord  abolishes  the  reflex. 
A  skate  (R.  maculata  or  microcelkta)  having  been  prepared  in  the  way 
already  described,  it  was  first  ascertained  that  electrical  discharges 
could  be  easily  produced  by  rubbing.  The  cord  was  then  exposed 
immediately  behind  the  medulla  and  a  ligature  passed  under  it,  great 
care  being  taken  to  avoid  the  entrance  of  sea  water  into  the  spinal 
amal.  The  reflex  was  again  tested  by  the  eleetiometer  and  found 
present.  On  tightening  the  ligature,  a  momentary  discharge  occurred 
after  which  no  further  responses  could  be  obtained  reflexly,  the  centre 
therefore  must  be  chiefly  intracranial. 

We  then  proceeded  to  localise  the  centre.  The  following  facts  were 
ascertained  : — after  removal  of  the  olfactory  lobes  and  hemispheres  the 
reflex  still  persisted ;  the  organ  discharged  at  least  as  readily  in  response 
to  stimulation  of  the  skin  as  before.  No  discharge  occurred  at  the 
moment  of  severing  the  lobes.  Removal  of  the  optic  lobes  in  the  same 
prepjvration  immediately  abolished  the  reflex.  The  act  of  removal  was 
accompanied  by  a  discharge.  It  was  followed  by  no  change  of  the 
movements  of  the  spiracles  either  as  regards  rhythm  or  frequency. 

The  channels  of  influence  between  cutaneous  end  organs  and 
electrical  organ  are  therefore  afferent  channels  which  for  the  most  part 
enter  the  spinal  cord  and  end  in  the  optic  lobes,  and  efiferent  channels 
which,  starting  from  the  lobes,  p;iss  down  the  spinal  cord  to  the 
organ. 

The  character  of  the  discharge  varies  according  to  the  mode  of 
mechanical  excitation  and  the  state  of  the  preparation.  We  will  first 
de:$cribe  what  is  observed  with  the  aid  of  the  physiological  rheoscope. 

In  a  perfectly  fresh  preparation  the  dischnrgo,  as  indiaited  by 
the  muscular  contractions  of  (>he  rheoscopic  limb,  h.-is  the  character  of 
an  irregular  tetanus  (Plate  XXII,  Figs.  1  and  2)  of  which  the  frequency 
is  from  20  to  25  per  second.  This  effect  however  can  only  be  obtained 
once  or  twice.  The  subsequent  muscular  responses  consist  either  of 
single  contractions  or   successive   thrills  which   follow  each    other  at 
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intervals  of  half  a  second  or  more.  Each  thrill  is  made  up  of  two  or 
three  twitches.  In  the  intervals  between  the  thrills  the  muscle  remains 
partly  contracted.  This  is  shewn  in  the  Plate,  Fig.  3.  In  some  ciusos 
the  tracings  of  the  thrills  resemble  single  contractions,  but  when  they  are 
compared  with  those  of  real  single  contractions  of  the  same  nuiscK^  \\\\i\ 
are  examined  more  carefully,  it  is  seen  that  they  arc  such  as  wouM  he 
produced  by  two  elfcctivo  stimuli  following  each  other  at  an  interval 
of  j^"  to  ^''.  In  making  a  series  of  observations  on  the  same  animal,  it 
is  observed,  that  whereas  the  earlier  muscular  eflTects  have  for  the  most 
part  the  character  of  thrills,  the  later  ones  are  chiefly  single  twitches  or 
couples  such  as  those  above  described  shewing  superposition. 

In  almost  all  the  observations  with  the  rheoscopic  limb,  the  electro- 
meter was  observed  at  the  same  time,  the  terminals  being  connected  as 
already  explained  with  the  cables  which  received  the  discharge.  The 
connection  was  such  that  the  passage  of  the  discharge  drove  the 
meniscus  from  the  point  of  the  capillary.  The  electrometer  was 
made  for  the  purpose.  It  is  of  quick  reaction,  btit  not  very  sensitive. 
Its  zero  pressure  is  20  centimeters.  It  is  read  by  a  microscope  provided 
with  an  eye-piece  micrometer  scale.  A  di8i>lacement  of  the  column 
which  measures  50  divisions  of  this  scale  corresponds  to  a  ditference 
of  potential  of  0*15  Dauiell.  When  the  two  methods  of  observation 
were  used  together,  it  was  seen  that  at  first  every  contraction  was 
accompanied  by  a  sudden  projection  of  the  mercury  column  out  of  the 
field.  As  the  effects  became  weaker  and  the  contractions  began  to  fail, 
the  character  of  the  excursions  of  the  electrometer  could  be  observed, 
and  it  was  then  seen  that  each  discharge  was  indicated  by  a  leap  up  of 
the  column  through  from  GO  to  100  divisions,  from  which  pdiiit,  after 
remaining  for  a  moment  in  rapid  oscillation,  it  descended  in  steps. 
Comparing  this  effect  with  what  occurred  at  the  same  moment  in  the 
rheoscopic  muscle,  it  was  obvious  that  the  muscular  response  w.'is  a 
single  twitch  coinciding  with  the  leap  up  of  the  column. 

Long  after  the  response  of  the  rheoscopic  muscle  has  coiised  ciich 
discharge  can  be  observed  by  the  electrometer,  the  excursions  of  which 
by  reason  of  their  diminished  amplitude  can  be  studied  with  much 
greater  advantage  than  before,  and  afford  indications,  which  if  we  had 
been  able  to  recoixl  them  photographically,  would  have  been  of  great 
value.  A  1  that  could  be  done  was  to  observe  and  describe  the  pheno- 
mena as  they  presented  themselves. 

The  effect  varies  according  to  the  way  in  which  it  is  evoked.  When 
the  vulcanite  rod  is  smartly  drawn  across  ihe  skin,  the  response  i^  that 
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already  described.  Wbea  it  is  thrust  against  the  skiu  there  is  usually  a 
single  leap  of  the  column  of  such  short  duration  that  it  cannot  bo 
followed  by  the  eye.  When  it  is  drawn  slowly  with  pressure  the  effect 
is  of  the  same  kind  as  that  flrat  described,  but  more  prolonged,  and  it  is 
then  seen  that  the  oscillations  are  in  groups,  the  first  of  each  group 
being  higher  than  the  rest. 

The  frequency  of  the  oscillations  in  a  group  is  sometimes  too  great 
to  adroit  of  their  being  counted,  but  usually  it  does  not  exceed  8 
l»cr  second,  declining  to  5  or  loss  when  the  observation  is  continued. 
The  groups  recur  at  intervals  of  from  half  a  second  to  a  second. 

Electricai  Excitation  of  Central  Organs. 

The  electrical  organ  can  bo  made  to  discharge  by  excitation  either 
of  ihu  optic  lobes,  or  of  tlie  spinal  cord  alter  division  behind  tlie 
mo(hilla  oblongata.  We  will  first  describe  the  phenomena  observed  in 
the  latter  case. 

Spinal  cord.  No  eflTect  can  be  produced  by  single  induction  shocks. 
It  was  shewn  in  our  former  paper  that  when  the  spinal  cord  is  exposed 
near  the  root  of  the  tail,  a  single  induction  current  is  effectual  and 
produces  an  apparently  instantaneous  electrical  response,  which  however 
is  found  when  investigated  by  the  rheotomc  to  be  ma<le  up  of  several 
sin<;le  effects  fused  together.  But  nothing  of  the  kind  was  observed  in 
excitjition  of  tlie  cervical  or  thoracic  i)art  of  the  cord. 

Excitation  by  the  alternating  currents  of  the  induction  apparatus  is 
effectual  in  any  part  of  the  cord.  For  obvious  reasons  the  inductorium 
was  provided  with  Helmholtz'  side  wire.  As  the  hammer  vibrated  50 
times  per  second,  the  rate  of  the  alternating  induction  currents  was 
100,  i.c.  50  in  each  direction.  The  electrodes  were  needles,  insulated 
excepting  at  their  points.  They  were  placed  a  centimeter  apart,  the 
cord  having  been  previously  divided  behind  the  bulb,  and  exposed  to 
a  suflBcient  distance  backwards. 

As  in  the  previous  experiment,  the  character  of  the  response  was 
observed  by  simultaneous  observation  witli  the  rheoscopic  limb  and  the 
electrometer.  When  the  cord  was  excited  for  a  second  or  more  with 
the  secondaiy  coil  at  50  of  the  scale,  i.e.  at  such  a  distance  from 
the  primary  that  the  shock  could  just  be  felt  by  the  tongue  when 
the  electrodes  were  applied  to  it,  a  single  contraction  of  the  rheoscopic 
muscle  occurred  at  the  moment  that  the  excitation  began,  and  a  second 
at  the  moment  that  it  ceased,  iis  shewn  in  the  Plate,  Figs.  6  and  7.     It  is 
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seen  that  the  first  response  occurs  several  hundredths  of  a  second  after 
the  beginning  of  the  stimulation,  and  that  when  the  period  is  short  the 
second  effect  is  stronger  than  the  first     Even  when  the  period  was 
more  than  6  seconds,  there  was  no   contraction   excepting  the  initial 
and  terminal  one.     By  the  simultaneous  observation  of  the   electro- 
meter it  is  soon  that  at  the  beginning  of  each  excitation  period  the 
cohiinn  leaps  up,  and  again  at  the  end.     Between  the  two  leaps  ilic 
meniscus  oscillates   a  little   above   its   zero  position,  indicating  that 
although   the  muscle  is  quiescent  during   the   interval  between  the 
initial  and  terminal  contractions,  the  organ  is  in  a  state  of  excitation 
all  the  time.    It  seems  at  first  sight  as  if  this  might  be  explained  on 
the  supposition  that  the  cxcitiitory  olVccts  in  the  organ   arc   of  such 
duration  as  to  be  nearly  continuous,  so  that  the  change  of  electrical 
state  which  each  represents  is  relatively  inconsiderable.    This  explana- 
tion however  is  seen  to  be  inadequate  when  it  is  considered  that  the 
time-interval  between  each   excitation   and   its   successor  is  probably 
not  less  than  a  tenth  of  a  second,  whereas  the  duration  of  the  excitatory 
effect  is  not  more  than  a  fiftieth  of  a  second,  so  that  after  each  several 
excitation  the  organ  has  more  than  time  to  return  to  its  condition  of 
rest;  the  change  is  therefore  as  abrupt  from  this  state  to  that  of  exeiUi- 
tion  the  second,  third  or  twentieth  time,  as  the  first  time.    All  therefore 
that  can  be  said  in  reference  to  the  initial  and  terminal  contractions  is 
that  the  excitations  during  the  interval  are  inadequate  to  excite  the 
rheoscopic  nerve,  although  abundantly  sufficient  to  affect  the  electro- 
meter.    This  means  nothing  more  than   that  the  intensity  of    the 
excitatory  effect  is  greater  at   the   end   and   at   the  beginning  than 
during  the  interval.     Why  this  is  so,  it  is  not  at  present  possible  to 
explain.     It  may  be  noted  that  an  analogous  muscular  effect,  **  t^tanos 
d  renforcement"  presents  itself  in  electrical  stimulation  of  the  mam- 
malian cortex'  and  spinal  cord*. 

In  all  experiments  of  the  kind  above  described  the  dorsal  muscles  of' 
the  fins  are  (hiring  the  excitation  thrown  into  tetanic  contnu;tion.  The 
lateral  borders  of  the  fins  are  arched  strongly  upwards  so  that  they  nearly 
meet  above  the  body,  and  are  suddenly  relaxed  when  the  excitation 
ceasea  At  the  same  time  the  caudal  fins  are  thrown  into  spasms,  but  on 
comparing  the  modes  of  contraction  of  the  two  groups  of  muscles  it 

'  Sco  Franvois-Franck,  Lfjww  «ur  let  fotictions  inotrices  da  ccrveau,  p.  73. 

s  In  some  recent  experiments  at  preflent  unpublished  made  by  Horsley  and  Gotch 
the  same  phenomenon  has  been  obtained  during  excilation  of  the  spinal  cord  of  the  cat,  an 
evidenced  by  tlie  muscular  contractions. 
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is  fouad  that  whereas  those  of  the  back  are  in  complete  tetanus,  the 
others  thrill  rhythmically  with  a  frequency  of  6  to  8  per  second,  as  can 
l>e  easily  observed  by  recording  their  movements  graphically.  This 
evidently  means  that  the  dorsal  muscles  are  made  to  contract  by 
excitation  of  their  motor  nerves,  those  of  the  tail  fins  by  excitation 
of  the  spinal  cord,  and  accordingly  the  latter  have  a  rhythm  identical 
with  the  similarly  excited  discharges  of  the  organ. 

The  fact  that  the  organ  responds  rhythmically  to  excitation  of  the 
spinal  cord  indicat.c.s  Uiut  the  cord  acta  jvs  a  centre.  This  is  put  beyond 
question  by  the  observation  that  in  ail  cases  in  wliich  the  divided  cord 
is  excited  for  a  sufficient  time,  not  less  than  a  couple  of  seconds,  there 
occur  after  excitation  has  ceased,  electrical  discharges  following  each 
other  at  short  intervals.  This  can  only  be  explained  as  meaning  that, 
as  a  consequence  of  excitation,  the  spinal  centres  discharge  themselves 
automatically,  just  as  in  the  higher  animals  epiloptiforni  disturbances 
spring  from  similar  automatic  action  in  parts  of  the  cortex  which  have 
been  excited. 

The  nature  of  the  effect  can  be  best  judged  of  by  the  following 
details : — 

(1)  In  a  skate  (R  microcellata)  32  inches  long  and  18  inches  across 
the  fins,  the  spinal  cord  was  exposed  and  divided  behind  the  medulla 
oblongata.  The  cord  was  excited  for  2  seconds  by  alternating  induction 
cun'outs  (100  per  second);  the  column  of  the  electrometer  which  was 
at  zero  when  the  organ  was  unexcited,  shot  up  to  CO  scale  at  the  be- 
ginning of  this  period,  oscillated  at  about  the  same  height,  and  again 
shot  up  to  90  scale  at  the  moment  that  the  excitation  ceased,  and 
then  suddenly  fell  to  its  previous  position.  After  remaining  at  zero 
for  3  seconds,  it  leapt  to  70  scale,  returning  instantly.  After  another 
pause  of  the  same  duration,  it  rose  in  steps  to  60  scale,  oscillated  for 
a  moment  and  fell,  the  whole  excursion  lasting  two  seconds.  A  third 
pause  of  6  seconds  was  followed  by  a  similar  excursion  in  which  the 
column  did  not  rise  above  20  scale,  afler  which  it  remained  quiescent. 

(2)  A  skate  (R.  maculata)  23  inches  long  and  15  wide  was  observed 
in  the  same  way.  Excitation  for  2  seconds,  during  which  the  indica- 
tions of  the  electrometer  were  those  described  above.  Two  seconds 
after  the  excitation  had  ceased,  a  single  excursion  was  observed,  i.e. 
one  in  which  the  column  flashed  up  for  a  moment  and  returned  to  zero. 
There  was  then  a  pause  of  about  a  second  which  was  followed  by  three 
such  single  excursions  in  quick  succession.  After  another  pause  of  the 
same  duration,  the  column  shot  up  and  oscillated  t<$n  or  twelve  times 
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within  a  period  of  2  seconds  and  then  fell.  A  fourth  similar  pause  was 
followed  by  two  single  excursions  in  quick  succession,  and  finally,  after 
a  moment's  rest  a  third.  As  in  this  observation  all  the  pauses,  except- 
in<»  the  first,  lasted  about  a  second — less  or  more — the  automatic 
dia:hai-gos  continued  to  recur  for  a  period  of  about  10  seconds. 

(*3)  In  another  specimen  (R.  microcellata  24"  x  15")  the  column 
rose  in  steps  during  the  whole  perio<l  of  excitation,  shooting  up  at  the 
end,  but  instead  of  at  once  falling  to  zero  as  in  the  previous  examples, 
subsided  slowly,  oscillating  the  whole  time,  its  decline  being  interrupted 
at  intervals  of  about  a  second  by  leaps  in  which  it  rose  nearly  as  high 
as  it  had  done  at  the  end  of  the  period  of  excitation.  There  was  no 
sensible  difference  between  the  oscillations  which  occurred  during  excita- 
tion and  those  which  followed  it  The  frequency  throughout  was  6  per 
second. 

It  will  be  understood  that  when  the  period  of  excitation  is  too  short, 
the  organ  respcmds  during  excitation,  but  there  are  no  automatic 
discharges  after  it.  The  duration  rcquireil  differs  in  different  animals. 
Excitations  of  2  seconds  duration  were  followed  by  automatic  discharges 
17  times  out  of  27.  After  those  of  5  seconds,  these  were  observed  7 
times  out  of  8.  It  constantly  happened  that  when  the  short  excitation 
had  ceased  to  produce  the  effect,  it  recurred  when  the  time  was 
prolonged.  The  automatic  discharges  were  in  most  cases  not  ac- 
companied by  visible  contractions  in  any  of  the  muscles  of  the  fish. 

Optic  lobes.  For  exciting  the  organs  within  the  cranium,  electrodes, 
of  insulated  platinum  wire,  of  which  the  exposed  tips  were  1  millimeter 
apart,  were  substituted  for  the  needlea  In  other  respects  the  method 
was  the  same. 

No  discharge  could  be  produced  by  exciting  any  part  of  the  hemi- 
sphere or  the  cerebellum,  but  the  moment  that  the  electrodes  were 
brought  into  contact  with  the  surface  of  the  optic  lobes,  the  rheoscopic 
limb  contracted,  and  the  mercurial  column  shot  out  of  the  field.  Heru, 
:uM  in  the  spinal  curd,  a  single  induction  shock  is  without  effi^ct  an<l 
in  order  to  prixluce  a  discharge  the  duration  of  the  intciTupted 
electrical  excitation  had  to  be  moce  than  a  second.  The  rheoscopic 
muscular  effect,  during  the  period  of  excitation  may  either  be  made 
up  of  (a)  groups  of  single  twitches,  or  (6)  an  initial  contraction  or 
couple  of  contractions  followed  after  a  longer  pause  of  say  half  a 
second,  by  another  couple  or  group  of  exactly  the  same  kind ;  or  (c)  it 
may  consist  of  a  single  initial  contraction  only.  The  contractions  of 
a  group  follow  each  other  at  intervals  of  about  j^  second  as  shewn  in  the 
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Plate,  Figs.  4  and  5.  When  the  electrometer  was  observed  at  the  same 
time  with  the  rhoosci>pic  muscle,  tlic  mercurial  cohimn  was  seen  to  be, 
as  in  the  case  of  excitation  of  the  spinal  cord,  in  a  state  of  oscillation 
(6  or  8  per  second)  during  the  whole  period  of  excitation.  At  the 
beginning  of  each  period  the  column  ascended  by  rapid  jerks  towards  a 
summit,  then  oscillated  for  a  moment  at  a  lower  level  and  again 
culminated,  repeating  this  process  at  intervals  of  half  a  second  or  less : 
each  summit  corresponded  to  a  group  of  contractions  of  the  muscle,  which 
during  the  intermediate  period  of  oscillation  was  inactive.  Here  again 
the  electrometer  effect  could  be  observed  long  after  the  rhcdscopic 
preparation  had  ceased  to  respond,  and  from  first  to  last  had  the  same 
character,  the  only  difference  between  the  later  and  earlier  observations 
being  that  the  frequency  of  oscillation  diminished  as  time  went  on, 
from  8  to  say  5  per  second.  It  is  well  to  notice  that  although  in 
several  instances  we  failed,  even  at  the  beginning  of  the  experiment,  to 
obtain  responses  from  the  rheoscopic  frog,  the  discharges  could  always 
be  observed  by  the  electrometer. 

As  in  the  experiments  on  the  spinal  cord,  so  in  those  now  to  be 
described,  excitation  of  the  lobes  was  followed  by  a  period  during  which 
automatic  discharges  of  the  excited  centre  occurred  at  intervals.  These 
were  not  sufficiently  strong  to  evoke  rheoscopic  contractions,  but  could 
bc^  ol)s<»rvod  by  the  (electrometer. 

(1)  In  a  specimen  of  R.  maculat;\,  2']"  x  li)",  excitatiou  of  the  optic 
)ob<*s  for  2  seconds,  which  produced  the  usual  concomitant  effects,  was 
followed  alter  an  interval  of  five  seconds  by  a  series  of  14  discharges. 
Each  was  indicated  by  a  sudden  leap  up  of  the  column,  which  oscillated 
at  the  height  first  attained  for  a  fraction  of  a  second  and  then  fell. 
Between  each  of  the  first  four  and  its  successor  there  was  an  interval 
of  about  i\  second,  the  intervals  subsequently  lengthening  first  to  4 
seconds  and  finally  to  9  seconds,  so  that  the  whole  effect  lasted  for 
nearly  a  minute. 

(2)  In  another  fish  (R  clavata,  30  inches  long  and  24  wide)  excited 
for  two  seconds,  the  mercurial  column  instead  of  falling,  continued  to 
oscillate  at  the  same  height  for  5  seconds  after  the  excitation  had 
cc4used.  It  then  fell  to  a  lower  level  and  continued  to  oscillate  for  10 
seconds  more,  gnwlually  subsiding.     No  further  effect  was  observed. 

As  Ciich  of  these  varieties  of  ellect  was  observed  repeate<lly  in 
different  fish,  and  as  both  occurred  several  times  in  the  same  specimen, 
it  is  not  possible  to  regard  either  as  abnormal.  The  reader  will  see  that 
between  these  elfects  and  those  which  follow  excitation  of  the  spinal 
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cord,  there  is  only  this  difference,  that  the  former  last  longer  and  are 
of  greater  intensity.  In  other  respects  they  are  analogous.  Both  optic 
lobes  and  cord  are  capable  of  automatic  action,  but  our  observations 
lead  us  to  believe  that  the  optic  lobes  alone  contain  the  centre  through 
which  the  organ  can  be  excited  reHexly. 

In  exposing  the  brain,  sea  water  sometimes  entered  the  cranial 
cavity  in  spite  of  tijo  care  we  used  to  prevent  it.  Whenever  this 
happened,  it  declared  itself  by  the  occurrence  of  vigorous  discharges 
of  the  organ,  which  were  accompanied  by  convulsive  movements  of  the 
body.'  The  discharges  lasted  for  many  minutes  and  were  at  first 
violent.  When  they  had  ceased  no  further  response  could  be  evoked 
by  excitation,  either  of  the  optic  lobes  or  coixl.  Thus  in  a  s})coinicn 
of  R.  maculata  (21  inches  long  by  16  inches  wide)  in  which  this 
accident  happened  and  in  which  contemporaneous  observations  were 
made  of  the  rheoscopic  preparation  and  of  the  electrometer,  the  early 
discharges  were  accompanied  by  tetanic  spasms  of  the  rheoscopic 
muscle,  each  spasm  being  made  up  of  single  but  unequal  contractions, 
which  succeeded  each  other  with  a  frequency  of  from  10  to  over  20  per 
second.  Three  of  these  effects  are  shewn  in  the  Plate,  Figs.  8,  9  and  10. 
Subsequently,  as  they  gradually  diminished,  each  discharge  was  repre- 
sented by  a  single  initial  contraction,  and  after  these  rheoscopic  con- 
tractions had  ceased,  the  electrometer  effects  could  be  observed  for  five 
minutes.  The  earlier  effects,  i.e.  those  which  were  strong  enough  to 
excite  the  rheoscopic  preparation,  were  accompanied  by  excursions 
which  were  of  such  extent  that  it  was  necessary  to  bridge  the  kiuilin 
electrodes  of  the  electromotor  by  a  moist  threiul.  In  ciich  excursion, 
the  column  first  leapt  to  the  top  of  the  scale,  oscillated  at  the  height  it 
had  attained  for  a  fraction  of  a  second  and  then  fell.  The  subsequent 
excursions  were  similar  but  of  less  amplitude. 

In  another  instance  (R.  maculata,  20  inches  long  by  12  wide)  we 
had  reason  to  believe  that  sea  water  had  entered  the  cranium,  although 
at  first  no  discharge  occurred.  On  stimulating  with  alternating  induc- 
tion currents  of  the  usual  strength,  there  was  no  response,  but  on 
doubling  the  strength,  a  discharge  of  the  usual  character  occurred 
during  excitation,  which  was  followed  by  a  series  of  automatic  discharges 
at  intervals  of  from  1  to  5  seconds,  which  continued  for  a  period  of  7 
minutes.  In  this  case  the  results  were  observed  by  the  electromet^jr 
only,  the  indications  of  which  correspond  exactly  with  those  last 
described.  At  the  end  of  the  period  no  responses  could  be  evoked  by 
stimulation  either  of  the  h)bcs  or  cord. 
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StXTION  IL      Exi'EUlMENTS  HADE  FOll  TUE  PURPOSE  OF  DETERHCKINQ 
THE  ELECTROMOTIVE  FORCE  OF  THE  SHOCK  OF  THE  ELECTRICAL  DISK. 

In  the  course  of  the  experimeuta  made  la  1887  at  St  Andrews,  it  was 
olifwrvcii  tliat  tlic  dcHectiou  prmiiicud  by  tlie  discharge  of  the  organ  in 
response  to  excitation  by  a  single  induction  shock,  wlieu  the  discharge 
was  led  through  a  galvanometer  for  a  period  of  one  five  hundredth  of  a 
second  including  the  moment  of  ita  maximum  intensity,  was  about  equal 
to  that  produced  by  3  Callaud  gravitation  cells  acting  for  the  same  time 
through  the  same  circuit.  Experiments  were  made  at  Plymouth  for 
the  (uir[iusc  of  ohtniuiiig  more  precise  iiilbrmation  on  tliis  subject 

The  method  consisted  in  balancing  or  compensating  the  electromotive 
force  of  the  discharge  by  a  measurable  but  variable  electromotive  force 
acting  through  the  same  circuit  during  the  same  time  but  in  the 
opposite  direction.  In  order  that  a  method  of  this  kind  should  give  a 
true  result,  the  closing  tinio  iiiuHt  ho  as  sliort  as  possible  and  must 
include  the  ixsHikI  of  culmination  of  the  discharge.  For  this  reason  it 
can  only  be  applied  to  a  discharge  of  which  the  time-relations  are 
accurately  knowtL  As  an  indicator  the  capillary  electrometer  already 
mentioned  was  used.  This  instrument  was  preferred  because  it  was 
possible  with  its  aid  to  make  the  observations  much  more  rapidly  than 
with  any  galvanometer  we  had  at  our  disposal  The  arrangeniout  of  the 
rx|N'i'inii<iit  iM  oxpi.-vincd  hy  Llm  dinginin. 


In  the  disgnim  the  horii!oiital  line  shews  the  onuree  of  Ike  tTsveller.  K,,  K„  K,  and 
K,  having  been  previnniil;  cloHcd  and  K,  and  K,  open«il,  the  traTeller  us  it  flies  from  lelt 
lo  rii!ht.  o|>ciiii  K,  and  1?,,  olow-H  K^  anil  K,  anil  c>(«:n«  K,  ntui  K,  in  mpid  Bui»ofi»irin.  Tlic 
HlronR  niTuwa  indicate  llic  dirccUun  of  tliu  "  ori;nn-anrruul,"  llie  weak  onuH  IJiat  of  the 
catDiieDuaLInK  current 
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In  order  that  both  the  wires  connecting  the  electrometer  with  the 
contacts  should  be  broken  before  and  after  the  period  during  which  it 
was  to  be  acted  upon  by  the  discharging  organ,  it  was  necessary  to 
provide  in  addition  to  the  two  keys  K^  and  K,  connected  with  the 
exciting  circuit,  the  two  other  pairs  of  keys  shewn  in  the  diagram,  viz. 
K  J  and  K^,  K^  and  K^^  Of  these  K,  and  K^  arc  closing  keys,  i.e.  they  are  so 
constructed  that  the  rapidly  moving  traveller  liberates  a  spring  which 
thereupon  makes  contact  with  a  knob.  In  using  such  keys  there  is  a 
loss  of  time  which  must  be  estimated  empirically.  For  this  purpose 
the  zero  position,  ie.  the  position  in  which  the  closing  keys  must  be 
placed,  in  order  that  their  simultaneous  closure  may  coincide  with  the 
break  of  K^,  was  dctcnnined  by  the  telephone  as  follows: — ^Tho 
induction  shock  caused  by  the  break  of  K^  was  led  through  a  telephone, 
in  the  circuit  of  which  the  closing  keys  were  interposed.  The  closing 
keys  were  then  placed  so  that  they  were  closed  by  the  passage  of  the 
traveller  before  K^  was  broken,  in  which  case  the  sound  of  the  induction 
current  can  be  heard  telephonically  as  the  traveller  flics  past.  The 
closing  keys  were  then  shifted  at  each  trial  by  little  and  little  until 
the  sound  could  no  longer  be  heard.  When  this  happens  the  keys  are 
at  zero.  This  method  is  so  easy  that  it  can  be  repeated  as  often  aa 
necessary.  The  keys  K^  and  E«  are  break  keys  of  the  kind  previously 
described. 

It  is  seen  that  during  the  short  period  which  intervenes  between  the 
simultaneous  closure  of  E,  and  K^  and  the  simultaneous  opening  of  K^ 
and  K«  the  sulphuric  acid  terminal  of  the  electrometer  is  connected 
through  K^  and  K,  with  the  leading  off  electrode  next  the  distal  end  of 
the  organ,  and  the  capillary  through  K,  aiul  Kj  with  the  proximal 
electrode,  and  that  before  and  after  this  period  the  wires  from  both 
terminals  are  broken.  This  is  necessary  in  order  that  the  instrument 
may  not  be  influenced  by  escape  from  the  battery  circuit  either  before  or 
after  the  period  of  closure. 

In  the  diajjrain  a  Rheochonl  wire  \M)\\  centiinotcirs  long  is  repre- 
sented at  Eh.;  and  Gr.  is  a  small  Grove  cell.  Uy  experiments  at 
Oxford  it  was  determined  that  when  the  circuit  of  the  Grove  was  closed, 
the  difference  of  potential  between  a  and  b  was  1'587  Daniell. 
Consequently  as  the  wire  is  divided  into  a  hundred  parts  each  division 
=  001587  Daniell.  The  arrangement  of  the  exciting  circuit  (the  wires 
of  which  ai-e  represented  by  fine  lines)  is  such  that  immediately  after  the 
induction  current  has  passed  through  the  preparation,  the  secondary 
circuit  is  broken  by  K^.  If  this  were  not  dime  the  leailiug  off  electrodes 
would  be  short  circuited  during  tlu*  period  of  closun^ 
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It  was  shewn  in  the  former  paper  that  the  passage  of  an  inductiou 
current  through  the  separated  organ  is  responded  to  by  a  discharge 
of  which  the  greatest  intensity  is  reached  during  the  second  hundredth 
of  a  second.  If  therefore  the  keys  are  so  set  that  the  closing  time 
iuchides  this  period,  the  largest  possible  effect  with  a  closure  of  this 
duration  would  be  obtained.  In  all  cases  the  organ  was  dissected  out 
without  injury  to  its  surface,  laid  on  a  glass  plate,  and  surrounded  by 
two  rings  of  kaolin  paste  made  with  0*6  per  cent,  solution  of  chloride  of 
sodium.  To  each  ring  two  nonpolarisable  electrodes  were  applied,  one  for 
leading  in  the  exciting  induction  current,  the  other  for  leading  off  tlie 
response,  as  shewn  in  the  diagram. 

The  primary  circuit  of  the  induction  apparatus  always  contained,  as 
above  stated,  one  Grove's  cell.  The  pair  of  closing  keys  E^  and  K^  were 
at  a  distance  from  the  two  breaking  keys,  K,  and  K^,  corresponding  to 
•j^(y  second.  The  interval  of  time  between  the  opening  of  K^  and  tho 
closing  of  K,  and  K^  (i.e.  between  the  excitation  and  the  beginning  of 
closing  time)  was  also  j,\j7  second.  K,  was  broken  half  way  between  the 
two,  i.e.  ^^jf  second  after  the  opening  of  K^. 

Experiitient  1.  72.  cUivata  24  inches  long  and  19  inches  across; 
length  of  tail  12  inches.  The  difference  of  potential  due  to  the  "organ 
current"  between  the  distal  and  proximal  contacts  (5  centimeters)  was 
indicated  by  7  divisions  of  tho  electrometer  scale,  its  direction  being 
+,  i.e.  that  of  the  discharge  as  indicated  in  the  diagram  by  tho  thick 
arrow.  It  was  ascertsuned  that  the  movement  of  the  meniscus  to  which 
this  difference  gave  rise  with  a  closing  time  of  jj^jf  second  was  less  than  a 
division  of  the  scale.  When  the  organ  was  excited  without  compensation, 
i.e.  with  the  rheochord  circuit  open,  the  response  was  indicated  by  an 
excursion  of  over  +  40  scale.  When  opposed  by  the  derived  external 
cuiTont,  obtained  by  placing  the  slider  of  the  rheochonl  at  90  (corre- 
K(N)niling  to  a  difference  of  potential  of  about  1*42  Daniell),  the 
excursion  was  diminished  to  20  scale ;  and  to  9  scale  when  the  slider  was 
shifted  to  100  (1'58  D.).  i.e.  to  the  furthest  point  of  the  rheochord  wire. 
It  was  therefore  necessary  to  take  a  shorter  length  of  organ.  For  this 
purpose  the  distal  kaolin  ring  was  brought  to  2^  centimeters  distance 
from  the  proximal,  and  the  experiment  repeated.  With  the  slider  at 
50  (0*79  D.)  there  wjis  an  excursion  of +  6  scale;  with  the  slider  at 
GO  (0  95  1).),  it  wjis  annulled.  After  each  excitation  there  was  the  usual 
after  effect  (see  previous  paper  Section  VI.)  so  that  it  was  necessary 
to  allow  a  sufficient  time  to  elapse  between  each  observation  and  its 
successor  for  it  to  subside. 
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The  distal  ring  was  now  removed  to  its  first  position  and  tho 
proximal  to  that  before  occupied  by  the  distal,  so  that  they  were 
still  at  a  distance  of  2^  centimeters.  With  the  slider  of  the  rheochord  at 
CO,  the  direction  of  the  excursion  was  reversed,  shewing  that  the 
response  was  over-compensated.  With  the  slider  at  50,  there  was 
no  movement.  Adding  the  two  results  we  have  for  6  centimeters  of 
organ  a  difference  of  potential  during  the  second  hundredth  of  a  second 
after  excitation,  of  at  least  1*74  Daniell. 

On  counting  the  disks  included  in  the  whole  tract,  that  is  in  5 
centimeters  of  organ,  the  number  was  found  to  be  80,  this  gives  for  each 
disk  about  002  DanielL 

Experiment  2.  R.  clavata  30"  x  23";  length  of  tail  15".  Kaolin 
rings  at  a  distance  of  10  centimeters;  "organ  current'*  12  scale  of 
electrometer;  this  gave  less  than  a  division,  with  a  closure  of  y^"' 
The  response  with  the  same  closure  gave  a  large  excursion,  which  when 
opposed  by  the  derived  current  obtained  by  placing  the  slider  at  75 
(1*19  D.),  was  reduced  to  20  scale:  with  the  slider  at  95  (1*5  T).)  an 
excursion  of  IG  was  obtained.  With  the  position  of  the  kaolin  rings 
altered  so  as  to  include  the  proximal  half  of  the  same  tract,  tho 
excursion  was  reduced  to  G  scale:  with  the  slider  at  75  (1*19  D.)  it  was 
annulled.  The  distal  half  gave  similarly  an  excursion  which  was 
annulled  with  the  slider  at  50  (0*79  D.).  In  this  preparation  therefore 
5  centimeters  of  organ  gave  a  difference  of  potential  during  the  second 
hundredth  of  a  second,  of  0*99  D.  On  counting  the  disks,  the  number 
was  found  to  be  6G  ;  this  gives  for  eiich  disk  0  015  D.  Observations  of 
the  same  kind  were  made  on  four  other  specimens,  in  all  of  wliich  the 
electromotive  force  of  the  discharge  was  considerably  lower,  the  mean 
being  0*66  Daniell  for  5  centimeters  of  organ.  As  this  is  a  case  in 
which  a  mean  does  not  represent  the  truth,  it  being  certain  that  the 
ftmctional  activity  of  the  separated  organ  even  when  prepared  most 
successfully  and  from  the  most  vigorous  specimen,  will  be  below  that  of 
till!  living  organ,  it  is  unnocoasary  U^  give  thoHo  (rxpcriuuints  in  dc^tail. 
h^vch  if  tho  organ  wore  in  full  activity  tho  result  would  still,  from 
the  nature  of  the  method,  fall  short  of  the  truth,  for  the  fact  which 
it  represents  is  that  the  influence  of  the  organ  on  the  electrometer 
during  a  period  of  y^^  of  a  second  is  equal  to  that  exercised  by  a 
known  electromotive  force  acting  during  the  same  period.  But  in- 
asmuch as  this  period  includes  both  the  culmination  and  the  commence- 
ment of  the  decline  of  the  electromotive  force  of  each  disk,  it  is  obvious 
that  the  maximum  electromotive  force  attained  must  be  much  greater. 
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All  tlicrcfore  that  can  be  said  is  that  the  electromotive  force  of  the 
re.s])oiise  to  a  single  excitation  in  each  disk  exceeds  002  Daniell. 

In  other  experiments  the  org^an  was  excited  indirectly  through  the 
spinal  cord  afU'T  removing  the  tail  a.s  dascrihcd  in  Section  III.  of  onr 
fonner  paper.  The  electrodes  were  of  course  applied  to  the  tail  without 
any  dissection. 

In  each  experiment  it  was  necessary  first  to  ascertain  the  time- 
relations  of  the  response,  so  as  to  select  a  closing  time  which  would 
include  its  culmination.  It  was  generally  found  that  the  3rd  hundredth 
(002"  to  ()(KV'  after  excitation)  satisfied  this  condilion.  The  higli<.'st 
result  which  could  be  obtained  when  the  discharge  was  led  off  by  cables 
surrounding  the  tail  at  a  distance  of  10  centimeters  from  each  other,  wiis 
an  excursion  which  was  annulled  by  55  division  of  the  rheochord  (=0*87 
Daniell).  This  gives  0*44  D.  for  five  centimeters.  In  general  the 
results  wore  even  lower  than  this,  under  0'2  D.  The  explanation 
of  the  diHorence  is  principally,  that  the  led  off  tract  is  only  partially 
discharged. 

Exhaustion  of  tlie  Organ  by  previous  activity. 

In  all  electrical  fish  the  electrical  organ  readily  loses  its  functional 
activity  by  discharges.  The  method  of  compensation  above  described 
affords  a  means  of  proving  tlmt  the  loss  of  power  has  its  seat  in  the 
organ  itself.     The  following  experiments  relate  to  this  point. 

lu  a  separated  organ  (R.  clavata)  tha  electromotive  force  of  the 
response  as  led  off  from  a  tract  (A)  2^  centimeters  long,  was  found  to 
he  for  the  2nd  hundredth  of  a  second  after  excitation,  0*79  1>.  and 
remained  nearly  unaltered  during  ten  minutes.  In  the  adjoining  tract 
(B)  of  the  same  length,  the  corresponding  result  was  0*87  D.  Tract  A 
was  then  excited  for  5  seconds,  by  the  alternating  induction  currents  of 
the  inductorium  (without  side  wire)  the  hammer  vibrating  50  times  per 
second.  Time  having  been  allowed  for  the  partial  subsidence  of  the 
after  effect,  the  observation  was  repeated.  The  excitatory  effect  was 
now  balanced  by  0*39  Daniell.  Tract  B  was  found  to  be  unaltered.  It 
was  now  excited  in  the  same  way  as  tract  A,  after  which  the  electro- 
motive force  of  the  excitatory  response  was  reduced  from  0*87  to  OG 
Daniell.  After  a  quarter  of  an  hour's  interval,  no  lecovery  had  taken 
place.     It  was  then  again  excited  and  reduced  thereby  to  0*45  DanioU. 

In  order  to  observe  the  exhausting  effect  of  the  normal  discharge, 
i.  e.  a  discharge  excited  through  the  nervous  system,  the  organ  must 
be  investigated  in  situ.     In  a  large  B.  clavata  (34  inches  long  bv  2H 
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wide)  the  discharge  was  led  off  from  the  tail  by  cables  at  a  distance  r»f 
8*5  centimeters.  Through  these  cables  the  organ  was  excited  by  a 
single  induction  shock,  and  gave  an  excursion  of  27  scale  when  the 
elcctromrjter  circuit  was  closed  during  the  second  hundredth  after 
excitation.  It  was  iiscortiiinetl  in  the  same  way  as  before,  that  tliis 
excursion  was  annulled  by  a  length  of  rheochord  wire  corresponding  to 
0"4*S  DanicU.  The  organ  was  now  discharge<l  by  cloctricjil  excitattou 
of  the  optic  lobes  for  two  seconds  at  a  time,  as  described  in  Section  I. ; 
and  this  was  repeated  ten  times,  each  excitation  evoking  the  usual 
discharges,  after  which  the  response  to  a  single  excitation  was  balanced 
by  (0*16  Daniell).  The  spinal  cord  was  then  excited  by  alternating 
induction  currents  for  similar  periods,  with  the  effect  of  further  reducing 
the  response  to  0*06  Daniell. 

In  another  skate  the  value  of  the  response  to  a  single  induction 
current  was  0*24  Daniell  as  led  off  from  a  tract  7*5  centimeters  long. 
The  spinal  cord  was  divided  behind  the  bulb  and  excited  as  before,  each 
excitation  producing  the  characteristic  discharges.  On  reinvestigating 
the  state  of  the  organ  it  was  found  that  the  electromotive  force  of  the 
response  to  a  single  excitation  was  reduced  from  0*24  Daniell  to  0*045 
Daniell.  This  experiment  was  repeated  in  various  ways,  with  the  same 
results.  No  recovery  took  place  in  any  instance  while  the  observations 
were  continued,  but  there  can  be  no  doubt,  that  if  it  were  possible  to 
maintain  the  normal  conditions  of  circulation,  recovery  would  eventually 
take  place  \ 

Conclusions. 

1.  Spontaneous  discharge  of  the  electrical  organ  of  the  skate  has 
not,  so  far  as  we  know,  been  observed.  A  reflex  discharge  can  always 
be  induced  by  mechanical  stimulation  of  the  skin,  particularly  that 
of  the  dorsal  surface. 

2.  The  afferent  paths  by  which  the  reflex  is  excited  are  contained 
for  the  most  part  in  the  spinal  nerves.  Although  discharges  follow 
electrical  excitation  of  certain  branches  of  the  trigeminus,  they  can  be 
evoked  reflexly,  after  all  the  cranial  nerves  have  been  divided. 

3.  The  reflex  discharge  is  always  discontiouous,  i.e.  it  consists 
of  a  group  of  two  or  more  single  electrical  effects  which  follow  each 
other  with  a  frequency  of  from  8  to  25  per  second.     If  the  stimulation 

^  This  might  have  been  ascertained  by  exciting  the  orgnn  m  titu  m  as  to  exhaust  it  an«l 
then  replacing  the  skate  in  the  tank.    It  did  not  occur  to  us  to  do  this. 
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is  prolonged,  this  primary  group  may  be  succeeded  by  others  of  a 
similar  character. 

.  4.  A  reflex  centre  is  situated  in  the  optic  lobes.  Electrical 
stimulation  of  the  dorsal  surface  of  these  lobes  produces  while  it  lasts  a 
discontinuous  discharge  of  the  same  character  as  the  primary  reflex 
discharge. 

5.  The  discharge  goes  on  after  the  excitation  has  ceased,  manifest* 
ing  itself  either  by  prolongation  of  the  primary  effect,  or  by  the  recur- 
rence at  intervals  of  secondary  effects  similar  to  the  primary. 

(i.  Electrical  Htiiinilation  of  tlio  anterior  region  of  the  cord  after  it 
has  been  separated  from  the  bulb,  also  evokes  a  discontinuous  discharge 
which  lasts  as  long  as  the  excitation.  It  is  followed  by  effects  of  the 
same  kind  as  those  which  follow  excitation  of  the  optic  lobes,  but  these 
are  less  intense  and  of  less  duration.  This  part  of  the  cord  must  there- 
fore bo  capable  of  automatic  action,  although  there  is  no  evidence  that 
it  can  be  excited  rcflcxly. 

7.  Each  disk  of  the  electrical  organ  is  capable  of  developing  during 
the  state  of  excitation  evoked  by  a  single  induction  shock  an  electro- 
motive force  of  over  002  Daniell.  The  sartorius  muscle  of  the  frog 
(as  we  have  found  in  our  own  experiments)  is  capable,  when  excited  by 
a  single  induction  shock  led  through  its  nerve,  of  developing  an  electro- 
motive force  of  0026  Daniell'.  The  number  of  nerve  fibres  distributed 
to  the  disk  is  certainly  nut  less  than  that  of  the  constituent  fibres 
of  the  nerve  of  the  sartorius.  There  is  therefore  no  reason  to  regard 
the  electrical  activity  of  a  disk  as  extraordinary  as  compared  with  a 
muscle  of  similar  innervation. 

The  relatively  large  electromotive  force  which  the  organ  as  a  whole 
is  able  to  develop  is  attributable,  (1)  to  the  large  number  of  disks 
of  which  it  consists,  (2)  to  their  being  arranged  in  pile,  and  (3)  to  the 
norvous  arrangenients  by  virtue  of  which  they  are  enabled  to  act  siniiil- 
taneously. 

>  The  ezporiments  on  the  eaitorius  were  made  with  the  repeating  rheotome.    The 
estimate  given  above  is  probably  too  low. 


EXPLANATION  OF  PLATE  XXII. 

Figs.  1  and  2.     Rheoscopic  curves  produced  by  reflex  discharge  of  organ 
of  Raia  microcdlaia  following  nibbing  of  dorsal  skin. 
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Fig.  3.  Similar  curve  produced  by  reflex  discharge  of  organ  of  Jiaia 
clavata  following  nibbing  of  dorsal  skin. 

Figs.  4  and  5.  Curves  produced  by  discharge  of  organ  o{  B.  maculata 
following  electrical  excitation  of  optic  lobes. 

Figs.  6  and  7.  Curves  produced  by  discharge  of  organ  of  R.  clavata 
following  electrical  excitation  of  spinal  cord.  The  duration  of  the  excitation 
is  shown  by  the  dotted  line. 

Figs.  8,  9  and  10.     Curves  produced  by  discharge  of  organ  of  R.  maculata 
follo¥ring  salt  excitation  of  optic  lobes. 


ON  THE  REGULATION  OF  RESPIRATION. 

By  henry  HEAD,  M.A 

(From  tlie  Physiological  Laboratory  of  the  German  University  in 

Prar/iLe,) 

PART  II,    Theoretical'. 

If  we  attempt  to  take  a  general  survey  of  the  nervous  mechanism 
of  respiration  we  must  begin  by  confessing  that  we  are  entirely  ignorant 
of  tlio  cause  of  the  rhythmic  activity  of  the  respiratory  centre.  Although 
tlic  vagi  play  an  important  part  in  regulating  the  breathing  they 
ccrUiiiily  arc  not  the  ultimate  cause  of  rhythmic  respiration;  for 
rhythmic  breathing  still  continues,  although  in  an  altered  form,  even 
after  the  vagi  have  been  divided.  Moreover  the  centre  still  sends  out 
rhythmic  impulses  even  when  the  medulla  oblongata  is  separated  from 
the  rest  of  the  brain,  the  spinal  cord  severed  below  the  seventh  cervical 
vertebra  and  the  vagi,  superior  laryngeal  and  glossopharyngeal  nerves 
divided.  Now  whatever  may  be  the  stimulus  which  keeps  up  the 
activity  of  the  respiratory  centre  it  is  certainly  not  of  a  rhythmic 
nature,  and  we  are  brought  face  to  face  with  the  difficulty  that  a  con- 
tinuous stimulus  produces  discontinuous  activity  in  the  organ  upon 
which  it  acts.  So  far  we  are  unable  satisfactorily  to  explain  why  this 
should  be,  but  it  is  one  of  the  earliest  phenomena  which  meet  us  in 
the  study  of  vital  ;ictivity.  Postulating  however  a  prhnitivo  rhythmic 
activity  in  the  respiratory  centre,  it  is  possible  to  examine  the  various 
modifications  which  it  undergoes  under  the  influence  of  stimuli  pro- 
<luced  by  alterations  in  the  volume  of  the  lungs. 

As  soon  as  the  lungs  are  inflated  all  inspiratory  activity  ceases  and 
a  prolonged  pause  follows,  during  which  the  rhythm  of  the  centre  is  in 
abeyance  and  the  inspiratory  muscles  in  a  condition  of  complete  re- 
laxation. In  the  same  way  complete  collapse  of  the  lungs  also  abolishes 
rhythmic  breathing  but  the  inspiratory  muscles  are  now  in  a  condition 
of  strong  tonic  contiuction.     In  both  cases  rhythmic  breathing  is  sup- 

'  Port  I,  see  p.  1. 

20—2 


280  77.   HEAD. 

pressed  for  a  very  considerable  period  in  consequence  of  the  sudden  and 
permanent  alteration  in  the  volume  of  the  lungs  but  under  ordinary 
conditions  it  ultimately  regains  its  rhythmic  character  in  consequence 
of  the  growing  dyspnoea.  But  even  when  precautions  are  taken  to 
prevent  dyspnoea,  as  in  the  experiments  described  in  the  previous 
section,  the  respiratory  rhythm  finally  reappears  even  though  the 
volume  of  the  lungs  remains  unaltered.  We  must  therefore  conclude 
that  the  nervous  mechanism  of  respiration  possesses  the  power  of 
adapting  itself  in  some  way  or  other  to  any  volume  which  the  lungs 
may  permanently  assume. 

Now  this  adaptation  might  take  place  in  one  of  two  ways.  Either 
the  peripheral  end  organs  of  the  vagus  or  the  trunk  of  the  nerve  itself 
might  become  exhausted  and  so  gradually  cease  to  transmit  the 
stimulus  to  the  centre;  or,  the  actual  stimulus  transmitted  to  the  centre 
might  remain  practically  constant  and  yet  the  gradual  development  of 
some  antagonistic  activity  in  the  centre  might  lead  to  adaptation. 
Now  there  is  little  doubt  that  a  stimulus  passing  up  the  vagi  for  a 
suHicient  length  of  time  would  ultimately  lead  to  the  exhaustion  of 
these  nerves;  but  I  think  that  a  critical  examination  of  the  ex- 
pcriinents,  described  in  this  paper,  tends  to  show  that  this  factor  has 
little  or  nothing  to  do  with  the  phenomena  of  adaptation  under  the 
conditions  in  which  I  have  met  with  it. 

Inflation  of  the  lungs,  under  conditions  which  preclude  any  dis- 
turbance from  dyspnoea,  produces  a  long  inhibitory  pause  in  the 
breathing  which  is  ultimately  broken  by  an  inspiratory  contraction. 
Now  if  the  end  organs  of  the  vagi  or  these  nerves  themselves  gradually 
became  exhausted  we  should  expect  that  this  inspiratory  contraction 
would  be  very  weak  and  would  be  followed  after  a  long  interval  by  a 
second  contraction  of  somewhat  greater  strength.  Thus,  as  exhaustion 
of  the  vagi  proceeded,  each  inspiration  would  be  stronger  than  that 
which  came  before  it,  and  the  pauses  between  these  inspirations  would 
grjwlually  diminish.  But  as  we  saw  in  Part  I.  adaptation  to  a  con- 
tinuous inhibitory  stimulus  takes  place  in  a  very  different  manner. 
The  pause,  it  is  true,  is  ultimately  broken  by  an  inspiratory  contraction, 
but  far  from  being  of  diminutive  size  this  contraction  is  actually  stronger 
than  that  of  any  subsequent  inspiration.  Moreover  the  inspirations 
gradually  decrease  in  strength  and  give  place  to  a  peculiar  slow  tonic 
contraction  of  the  muscles  of  the  diaphragm.  The  lever  rises  slowly, 
and  finally  remains  for  a  short  time  steady  at  a  certain  height.  Then 
small  oscillations  make  their  appearance  and  rhythmic  breathing  has 
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bcgiin  again  although  the  lung  remains  in  the  same  dilated  condition 
as  at  the  beginning  of  the  experiment.  Thus  the  actual  modification 
which  the  breathing  undergoes,  during  the  time  when  the  centre  is 
becoming  adapted  to  the  dilated  volume  of  the  lungs,  differs  so  greatly 
from  that  which  we  should  expect  if  adaptation  were  due  to  a  process 
of  exhaustion  in  the  nerve  trunk,  that  I  think  we  must  assume  that  it 
is  due  to  some  change  in  the  centre  itself  rather  than  to  exhaustion  of 
the  peripheral  mechanism. 

Now  if  tlie  centre  possesses  the  power  of  adapting  itself  to  any 
permanent  volume  of  the  lungs  it  is  obvious  that  the  sudden  assump- 
tion of  a  certain  medium  volume  will  produce  a  different  effect, 
according  to  whether  the  centre  was  previously  adapted  to  a  volume  in 
excess  of,  or  smaller  than  this  medium  volume.  If  the  lungs  have 
remained  collapsed  sufficiently  long  for  adaptation  to  have  taken  place, 
a  sliglit  inflation  up  to  a  certain  medium  volume  will  produce  an 
inhibitory  stimulus  and  cause  the  cessation  of  all  rhythmic  inspiratory 
activity.  If  on  the  other  hand  tlie  centre  is  adapted  to  a  dilated  con- 
dition of  the  lungs  the  sudden  assumption  of  the  same  medium  volume 
will  produce  a  strong  inspiratory  effect.  Thus  the  nature  and  extent 
of  the  influence  produced  by  a  certain  volume  of  the  lungs  depends  not 
only  on  the  actual  volume  but  also  on  its  relation  to  the  total  volume 
to  which  the  centre  has  become  adapted. 


Some  physiologists  are  accustomed  to  regard  inhibition,  whether 
central  or  peripheral,  as  a  decrease  in  the  vitality  of  the  organ  whose 
external  activity  has  been  checked.  The  clearest  expression  of  this 
idea  is  found  in  the  statement  that  stimulation  of  the  vagus  causes 
stoppage  of  the  heart  by  lowering  its  vitality.  It  is  further  assumed 
that  this  is  the  only  effect  produced  by  an  inhibition,  and  the  heart  is 
said  to  be  thrown  into  a  condition  of  complete  rest.  But  of  late  years 
many  observers*  have  called  this  view  of  peripheral  inhibition  in 
([uestion,  and  I  think  that  an  examination  of  the  experiments  in  this 
paper  tends  to  show  that  it  is  insufBcient  to  account  for  the  pheno- 
mena of  inhibition  in  the  respiratory  centra 

If  the  lungs  are  inflated  and  allowed  after  a  few  seconds  to  return 
to  their  normal  volume,  I  pointed  out  that  the  pause  so  produced  was 
frequently  followed  by  the  clearest  traces  of  increased  inspiratory  activity. 
The  diaphragm  was  more  or  less  under  the  influence  of  a  tonic  iuspi- 

'  J!)8i)ccially  IXoring,  Gaskcll  and  BiodcrinanD. 


282  //.    I  [EAR 

ratory  innervation  of  which  all  traces  had  been  previously  absent  If 
wo  assume  that  the  pause  in  the  breathing  produced  by  the  inflation 
was  caused  simply  by  a  diminution  in  the  vitality  of  the  respiratory 
centre  we  should  expect  that  the  breathing  would  return  to  the  normal 
type  as  soon  as  the  lungs  returned  to  their  normal  volume.  If  we 
attempt  to  explain  the  increased  inspiratory  activity,  which  appears 
when  the  inflation  is  over,  by  the  assumption  that  the  centre  lias 
become  dyspnoeic  during  the  inhibitory  pause,  it  is  difficult  to  see  why 
the  respiratory  rhythm  should  be  so  profoundly  altered.  For,  provided 
the  vagi  are  intact,  dyspnoea  is  characterised  by  strong  inspiratory 
contractions  noticeable  for  their  comparatively  short  duration  and  for 
the  completeness  of  the  expiratory  elongations  by  which  they  are 
followed.  On  the  other  hand  the  increased  inspiratory  activity,  which 
follows  the  close  of  an  inflation,  is  characterised  by  the  prolonged 
duration  of  the  inspiratory  contractions  and  the  incompleteness  of  the 
expiratory  elongations.  The  expiratory  period  may  be  so  shortened 
that,  although  the  rhythmic  contraction  of  the  inspiratory  muscles 
scarcely  reaches  the  height  of  a  normal  inspiration,  it  is  followed  by 
tho  most  distinct  traces  of  a  tonic  contraction  of  the  inspiratory  muscles. 
Moreover  these  phenomena  arc  seen  to  follow  the  close  of  an  inflation 
with  hydrogen  almost  as  readily  as  when  the  oxygen  has  been  the 
medium  of  inflation.  Thus  the  expression  of  the  increased  inspiratory 
activity  which  follows  the  return  of  the  lungs  to  their  normal  volume 
after  an  inflation  is  in  every  way  different  from  the  inspiratory  changes 
in  the  breathing  caused  by  dyspnoea;  for  the  experiments  described  in 
this  paper  have  repeatedly  shown  that  dyspnoea  caused  by  deficient 
oxydation  is  especially  inimical  to  the  development  of  an  inspiratory 
tone. 

We  also  saw  that  an  inspiratory  stimulus  of  known  intensity  gained 
additional  activity  if  preceded  by  an  inflation.  Thus  electrical  stimu- 
lation of  the  central  end  of  one  vagus,  which  was  not  sufficiently  strong 
to  completely  abolish  the  respiratory  rhythm  and  produce  lloscntliars 
"  tetanus,"  was  enabled  to  cause  this  characteristic  inspinitory  contrac- 
tion if  preceded  by  an  inflation. 

Again  under  certain  conditions  negative  ventilation  is  no  longer 
able  to  completely  annihilate  rhythmic  breathing,  much  less  to  produce 
an  apnoea  pause  after  the  ventilation  has  ceased.  If  under  such 
conditions  the  lungs  are  inflated  for  a  few  seconds  during  the  negative 
ventilation,  rhythmic  breathing  ceases  under  the  influence  of  the  next 
few  strokes  of  the  pump  and  cessation  of  ventilation  is  followed  by  the 
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usual  apnoea  pause  so  characteristic  of  negative  ventilation.  Thus  a 
rhythmic  inspiratory  stimulus  which  was  unable  to  overcome  the 
rhythmic  activity  of  the  respiratory  ccutre  sufficiently  to  produce  a 
tonic  inspiratory  apuooa  regains  its  full  power  when  preceded  by  an 
inflation. 

All  these  experiments  tend  to  show  that  an  inhibitory  stimulus 
from  the  lungs  not  only  diminishes  the  inspiratory  energy  expended  by 
the  centre  but  also  in  some  way  increases  its  potential  inspiratory 
energy.  Now  Gad*  has  already  pointed  out  in  his  very  suggestive 
paper  that  there  is  no  reason  on  analogy  to  suppose  that  a  tissue  can  be 
brought  to  a  condition  of  complete  rest  by  a  stimulus  but  that  on  the 
other  hand  we  know  of  a  number  of  phenomena  in  cell  life  which  show 
that  the  form  assumed  by  the  activity  of  the  cell  can  be  altered.  He 
applies  this  idea  in  detail  to  the  respiratory  centre  and  points  out  that, 
whercxis  the  one  utinuilus  might  increase  the  expenditure,  the  opposite 
stimulus  might  turn  the  energy  of  the  centre  in  the  direction  of 
nutrition  or  of  some  other  activity  during  which  no  stimulus  passes  from 
the  ganglion  cells  to  the  fibres  of  the  motor  nervea  He  suggests  that 
whereas  inspiratory  stimuli  tend  especially  to  increase  the  destructive 
activity  of  the  respiratory  centre,  inhibitory  stimuli  may  possibly  in- 
crease its  constructive  or  anabolic  activity. 

Now  aHsuming  for  the  moment  that  an  inhibitory  stimulus  pro<Iuces 
a  preponderating  constructive  activity  in  the  respiratory  centre,  it  is 
obvious  that  the  longer  it  acts  the  greater  will  be  the  amount  of 
material  stored  up  in  the  centre  which,  on  breaking  down,  would  give 
rise  to  inspiratory  energy.  But  the  greater  the  amount  of  such  material 
stored  up  in  the  centre  the  less  becomes  the  irritability  of  that  centre 
for  the  inhibitory  stimulus;  for  the  irritability  of  a  centre  for  any 
particular  stimulus  is  inversely  proportional  to  the  amount  of  change 
that  stimulus  has  already  produced.  In  other  words,  the  greater  the 
amount  of  material  collected  in  the  centre  the  harder  it  becomes  to  add 
permanently  to  that  amount.  Finally  a  stage  must  be  reached  in 
which  the  amount  of  constructive  activity  due  to  the  inhibitory  stimulus 
during  any  given  period,  exactly  equals  the  expenditure  of  inspiratory 
energy  in  the  same  time  and  adaptation  is  complete.  But  although 
the  constructive  and  destructive  activity  of  the  respiratory  centre  are 
now  etpial  \\&  at  the  beginning  of  the   experiment,  the   condition   of 
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the  centre  is  in  reality  very  difTerent  after  adaptation  has  taken  pla^ 
from  that  which  existed  before  it  came  under  the  influence  of  the 
continuous  inhibitory  stimulup.  What  might  be  called  the  "vitality" 
of  the  centre  has  boon  greatly  increased,  for  it  is  now  in  a  condition  to 
respond  with  far  greater  vehemence  to  an  inspiratory  stimulus ;  more- 
over the  slightest  diminution  in  the  inhibitory  stimulus  would  at  once 
load  to  the  liberation  of  inspiratory  energy,  apart  from  any  inspiratory 
stimulus — ^in  fact  the  whole  level  of  activity  has  been  shifted  upwards. 
For,  whereas  before  the  centre  came  under  the  influence  of  the  inhibi- 
tory stimulus  it  expended  at  any  moment  the  same  amount  of  energy 
as  it  accumulated  and  this  had  no  balance  upon  which  to  fall  back,  it 
now  has  a  store  sufficient  to  meet  considerable  calls,  in  conso<iuenco  of 
the  accumulation  which  took  place  during  the  time  when  its  constructive 
exceeded  its  destructive  activity. 


When  Hering  and  Breuer  proved  that  collapse  of  the  lungs 
caused  an  inspiratory  effect  they  assumed  that  diminution  in  the  volume 
of  the  lungs  produced  an  actual  inspiratory  stimulus  analogous  to  the 
inhibitory  stimulus  caused  by  an  inflation.  Gad,  on  the  other  hand, 
explains  the  undoubted  inspiratory  effect  produced  by  collapse  as 
due  rather  to  the  complete  removal  of  the  inhibitory  stimuli  which 
normally  ascend  the  vagi  to  act  on  the  mainly  inspiratory  centre.  It  is 
extremely  diflScult  to  decide  between  these  two  views ;  for,  as  I  pointed 
out  above,  the  removal  of  a  permanent  inhibitory  stimulus  causes 
a  great  outburst  of  inspiratory  energy,  apart  from  the  presence  of 
any  actual  inspiratory  stimulus  Then  again,  though  the  respiratory 
centre  is  not  originally  mainly  inspiratory,  as  assumed  by  Gad,  yet 
it  undoubtedly  becomes  so  under  the  continuous  action  of  an  inhibitory 
stimulus.  We  must  therefore  keep  clearly  in  view  the  possibility  that 
collapse  of  the  lungs  may  produce  two  distinct  effects  both  tending 
to  modify  the  breathing  in  the  same  manner.  Thus  diminution  in  the 
volume  of  the  lungs  may  evoke,  firstly,  the  strongly  inspiratory  negative 
afteraction  due  to  the  removal  of  an  inhibitory  stimulus,  and,  secondly, 
an  actual  inspiratory  stimulus  analogous  to  the  inhibitory  stimulus 
produced  by  a  dilatation  of  the  lungs.  Now  as  far  as  my  experiments 
go  towards  solving  this  very  diflicult  problem,  the  following  reasons 
incline  me  rather  to  the  original  view  of  Uering  and  Breuer  that 
dimiiuition  of  the  lungs  below  their  normal  volume  is  an  ;ictual  inspim- 
tory  stimulus  to  the  respiratory  centre. 
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If  both  lungs  are  allowed  to  collapse  suddenly  by  puncturing  the 
tlionix  a  much  stronger  inspiratory  effect  is  produced  than  if  both  vagi 
were  divided  and  yet,  according  to  Gad's  hypothesis,  both  operations 
equally  remove  the  inhibitory  stimuli  normally  passing  up  the  vagi  from 
the  lungs.  Again,  a  momentary  suction  will  often  produce  a  stronger  ^. 
inspiratory  contraction  than  any  which  appears  after  the  vagi  are  divided, 
even  at  the  moment  of  division  when  the  vitality  of  the  centre  cannot 
have  materially  fallen.  Then  too  the  very  fact  that  a  single  momentary 
diminution  in  the  volume  of  the  lungs  causes  an  effect  which  lasts  after 
the  victual  diminution  is  past  and  which,  when  periodically  repcatod 
(negative  ventilation),  can  undergo  summation  speaks  in  favour  of 
an  actual  inspiratory  stimulus. 

I  think  it  is  difBcult  to  explain  these  differences  unless  we  assume 
that  collapse  of  the  lungs  below  the  normal  volume  produces  an  actual 
inspiratory  stimulus.  On  the  other  hand  it  would  appear  as  if  the 
normally  diminished  volume  which  the  lungs  assume  when  the  chest  is 
at  rest,  produces  no  stimulus  to  the  end  organs  of  the  vagi  although  the 
sudden  assumption  of  this  same  volume  may  produce  an  inspiratory  or 
expiratory  modification  in  the  breathing  if  the  centre  was  previously 
adapted  to  a  permanently  increased  or  decreased  volume  of  the  lungs. 
This  hypothesis  is  borne  out  by  the  phenomena  which  follow  closure  of 
the  trachea  in  the  expiratory  phase  of  breathing  under  certain  special 
circumstances.  For  as  we  have  already  seen  closure  of  the  trachea 
in  the  expiratory  phase  in  a  normal  animal  greatly  modifies  the 
inspiratory  portion  of  the  breathing  but  leaves  the  expiratory  phase 
almost  unaltered ;  the  inspirations  are  increased  both  in  strength  and 
duration  and  assume  an  appearance  closely  resembling  that  seen  after 
division  of  the  vagi.  But  if  one  side  of  the  thorax  has  been  opened  and 
tlio  vagus  of  the  opposite  side  divided,  closure  of  the  trachea  produces 
no  alteration  in  the  breathing  provided  each  vagus  only  supplies  the 
lung  on  its  own  side  of  the  thorax,  and  in  those  cases  where  an  alteration 
occurs  we  can  be  certain  that  there  is  some  crossed  innervation.  Now 
if  closure  of  the  trachea  in  the  expiratory  phase  does  produce  an 
alteration  in  the  breathing  under  such  conditions,  not  only  are  the 
inspiratory  contractions  increased  in  strength  as  was  the  case  in  the 
normal  animal  but  the  expimtions  are  also  shortened  by  the  appearance 
of  an  inspiratory  tone  (Curve  xii.  Plate  1).  This  new  factor  cannot  bo 
explained  on  the  hypothesis  that  inhibition  is  now  more  completely 
removed  than  was  the  case  in  the  normal  animal,  for  subsequent 
division  of  the  intact  vagus  does  not  cause  the  appearance  of  a  tonic 
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inspiratory  contraction  under  these  conditions  Now  if  this  tonic 
inspiratory  contraction  were  due  to  contrast  evoked  by  the  sudden 
removal  of  all  inhibition  it  ought  equally  to  appear  when  all  possibility 
of  inhibition  is  suddenly  removed  by  freezing  the  remaining  vagus.  So 
far  I  think  the  diiFerence  in  the  results  obtained  in  the  two  coses  can 
only  be  explained  by  supposing  that  the  abnormally  collapsed  lung 
causes  an  actual  inspiratory  stimulation  to  the  vagi  which  is  set  free 
to  act  OS  soon  as  the  trachea  is  closed  in  the  expiratory  phase  and 
which  is  removed,  together  with  the  inhibition,  by  the  division  of  these 
nerves. 

What  is  the  nature  of  this  inspiratory  stimulus  ?  We  have  already 
scon  ground  for  supposing  that  an  inhibitory  stimulus  caused  by 
dilatation  of  the  lungs  increases  the  constructive  activity  of  the  centre, 
and  on  analogy  we  should  be  inclined  to  assign  an  opposite  function 
to  the  inspiratory  stimulus  caused  by  abnormal  collapse  of  the  lungs. 
The  following  experiment^  though  not  in  any  way  conclusive,  seems 
to  throw  some  light  on  this  question.  If  the  brain  has  been  separated 
from  the  medulla  oblongata  and  both  lungs  are  allowed  to  collapse 
a  strong  inspiratory  tone  is  produced  which  gives  place,  as  dyspnoea 
advances,  to  strong  rhythmic  inspirations  accompanied  by  an  over 
decreasing  tonic  contraction  of  the  inspiratory  muscles.  In  the  course 
of  a  few  minutes  the  animal  dies  of  dyspnoea  if  artificial  respiration 
is  not  resorted  to.  But  if  both  vagi  are  frozen  through  soon  after 
the  collapse  of  both  lungs  all  inspiratory  breathing  ceases  at  once  and  a 
gigantic  active  expiration  is  developed,  which  slowly  diminishes  in 
strength  to  end  in  the  death  of  the  animal.  Now  as  we  have  already 
scon  division  of  both  vagi  after  the  medulla  oblongata  has  boon 
separated  from  the  rest  of  the  brain  normally  produces  a  very  strong 
inspiration,  which  lasts  as  much  as  40  sec.  Thus  the  fact  that  division 
of  the  vagi  was  preceded  by  collapse  of  both  lungs  has  fundamentally 
altered  the  result  produced  by  division  of  these  nerves;  for,  instead 
of  a  long  inspiration,  division  is  now  followed  by  a  strong  active 
expiration.  This  strong  expiration  is  not  due  to  the  dyspnoea  necessarily 
caused  by  the  collapse  of  the  lungs,  for  the  animal  can  be  kept  alive 
during  the  expiration  by  artificial  ventilation  and  then  allowed  to 
die  of  pure  dyspnoea  by  stopping  the  ventilation ;  death  under  these 
conditions  is  not  characterised  by  any  such  violent  expiration.  These 
anomalous  results  can  however  be  explained  by  assuming  that  before 
division  of  the  vagi  a  powerful  inspiratory  stimulus  from  the  collapsed 
lung  was  driving  the  centre  to  the  utmost  of  its  power,  and  that  the 
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exhausted  centre  flew  to  the  opposite  extreme  as  soon  as  the  inspiratory 
stiiniiluH  was  removed,  just  as  in  a  normal  animal  an  outburst  of 
inspiratory  energy  follows  the  removal  of  the  inhibitory  stimulus  from 
the  periodically  dilated  luugs. 

Thus  the  inspiratory  stimulus  caused  by  diminution  in  the  volume 
of  the  lungs  would  appear  to  be  the  true  complement  of  the  inhibitory 
stimulus  caused  by  their  dilatation.  The  inhibitory  stimulus  checks 
the  inspiratory  expenditure  of  the  centre  and  at  the  same  time 
stimulates  it  to  greater  constructive  activity,  thus  tending  to  raise  the 
level  of  its  vitality.  On  the  other  hand  the  inspiratory  stimulus  would 
greatly  increase  the  inspiratory  expenditure  and,  by  decreasing  the 
constructive  activity,  tend  to  lower  the  level  of  vitality  in  the  respira- 
tory centre.  Both  stimuli  tend  indirectly  to  increase  the  irritability 
of  the  centre  for  the  antagonistic  stimulus  and  thus,  provided  sufficient 
tihui  bo  allowed  to  elapse,  adaptiitiou  to  either  form  of  stimulus  nuist 
ul Minutely  tsike  ))hice.  When  adaptiition  is  complete  rhythmic  respira- 
tion will  begin  again,  but  the  continuance  of  the  stimulus  is  necessary 
to  maintain  the  equilibrium  of  the  centre;  for  its  sudden  removal  at 
once  throws  the  centre  into  the  opposite  form  of  activity  (negative 
afteraction)  without  the  intervention  of  any  antagonistic  stimulus. 


When  the  vagi  are  divided  the  breathing  finally  settles  down  into  a 
type  characterised  by  long  powerful  inspiration ;  each  inspiratory  curve 
is  broad  and  flat  topped,  and  is  terminated  by  a  rapid  fall  of  the  lever, 
which  may  reach  the  base  line  of  complete  elongation.  Here  we  have  a 
form  of  rhythmic  respiration  entirely  independent  of  any  reflex  regula- 
tion from  the  lungs,  and  it  is  interesting  to  consider  the  e£fect  which 
would  be  produced  by  suddenly  reinstating  the  vagi.  The  centre  would 
send  out  a  certain  amount  of  inspiratory  energy  to  produce  one  of  the 
characteristic  strong  inspirations  and  the  lungs  would  begin  to  dilate. 
But  before  the  inspiration  was  half  exhausted  the  dilatation  of  the 
lungs  would  cause  an  inhibitory  stimulus  and  would  check  the  inspira- 
tory activity  of  the  centre,  the  inspiratory  muscles  would  elongate  and 
a  pause  would  be  produced  ;  for  we  saw  that  a  momentiiry  dilatation  of 
the  lungs  not  only  checked  the  inspiration  upon  which  it  was  super- 
loosed  but  also  tended  to  hinder  the  production  of  the  next  inspiration. 
As  soon  as  this  positive  afteraction  was  suRiciently  diminished  a  second 
inspiration  would  appear,  which  would  also  be  .checked  before  it  had 
resiched  its  full  height  and  would  again  cause  an  inhibitory  afteraction. 
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Thus  each  inspiration  is  cut  short  by  the  dilatation  of  the  longs  wiiich 
it  produces,  and  helps  to  add  to  the  inhibitory  condition  of  the 
respiratory  centre.  In  addition  each  such  inhibitory  stimulus  adds 
to  the  potential  inspiratory  energy  of  the  centre  and  thus  raises  the 
vitality.  Now  as  the  store  of  inspiratory  energy  increases,  the  respira- 
tory centre  gradually  becomes  loss  irritable  for  the  inhibitory  stimuli, 
for  the  irritability  of  the  centre  f(»r  any  particular  stimulus  is  inversely 
as  the  change  which  that  stimulus  has  produced.  Finally  a  mean 
would  be  struck  between  the  increased  inspiratory  energy  of  the  centre 
and  the  periodic  inhibitions  from  the  periphery.  The  breathing  would 
remain  rhythmic  but  the  inspiratory  contractions  would  be  smaller  and 
more  frequent  than  when  the  vagi  arc  divided.  Moreover  the  centre 
would  be  in  a  condition  of  increased  vitality  and  would  respond 
with  much  greater  promptitude  to  an  inspiratory  stimulus  or  to  a 
diminution  in  the  inhibition,  such  as  would  be  produced  by  dividing 
the  vagi.  Thus  when  the  vagi  are  intact  the  centre  has  a  constant 
tendency  to  exhibit  inspiratory  activity,  whilst  at  the  same  time  this 
inspiratory  activity  is  checked  and  regulated  by  the  dilatation  of  the 
lungs  which  it  must  necessarily  produce.  In  fact  we  might  now  spoak 
of  the  centre  as  being  in  a  condition  of  "  high  level  vitality."  On  the 
other  hand  when  the  vagi  are  divided  the  inspirations  are  no  longer 
checked  by  the  dilatation  of  the  lungs,  and  are  therefore  of  gi'eat  strength 
and  abnormal  duration.  If  the  centre  is  in  a  condition  of  high  vitality 
at  the  time  the  vagi  are  divided  the  breathing  at  once  becomes 
principally  inspiratory,  and  the  strong  inspirations  arc  accompanied 
by  a  permanent  tonic  inspiratory  contraction  during  the  oxpinUory 
pliiuse.  But  later  on  the  oxpinilions  gradually  lengthen  and  the  tonic 
inspiratory  contraction  disappears;  this  may  occur  immediately  the 
vagi  are  divided  if  the  vitality  of  the  centre  has  been  lowered  by 
an  excessive  dose  of  chloral  or  some  other  maltreatment.  Ultimately 
the  centre  settles  down  to  a  condition  of  spendthrift  activity,  regulated 
only  by  the  impulses  from  the  centres  in  the  higher  parts  of  the 
brain.  Lastly,  if  the  influence  of  these  higher  centres  be  removed 
by  dividing  the  medulla  oblongata  just  above  the  striae  acusticae, 
all  regulation  disappears  and  enormous  inspiratory  contractions,  which 
gradually  decrease  in  duration,  accompanied  by  ever  increasing  expira- 
tory pauses  quickly  lead  to  the  death  of  the  respiratory  centre  from 
inanition. 

During  normal   breathing  the  activity  of  the  vagi  produces  two 
results — firstly,  the  inspiratory  activity  of  the  centre  is  regulated  by 
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t)je  constant  inhibitions  produced  by  the  dilatation  of  the  lungs,  and 
secondly,  the  potential  inspiratory  energy  of  the  centre  is  raised.  Thna 
division  of  the  vagi  will  also  produce  a  twofold  effect  upon  the  breath- 
ing. In  the  first  place  the  inspiratory  activity  of  the  centre  is  no  longer 
checked  by  the  dilatation  of  the  lungs,  and  the  inspirations  therefore 
increase  both  in  strength  and  duration.  Now  if  this  was  the  only  effect 
produced  by  dividing  the  vagi  the  breathing  would  at  once  assume  a 
regular  form,  characterised  by  strong  inspirations  of  considerable  dura- 
tion, followed  by  complete  expiratory  pausea  If  the  vitality  of  the 
a;ntr(».  is  lowcrotl  by  an  excessive  dose  of  chh)ral  this  is  actually  the  c;ts(% 
hut,  if  the  centre  is  in  a  presumably  normal  condition,  the  inspiratory 
contractions  which  immediately  follow  division  of  the  vagi  differ 
greatly  from  those  which  appear  subsequently.  The  first  inspiration 
which  follows  division  normally  greatly  exceeds  its  fellow  in  duration, 
and  the  tonic  contraction  of  the  diaphragm  is  always  most  marked 
between  the  first  and  second  inspirations.  The  excessive  duration  of 
the  fii^t  inspiration  and  the  presence  of  inspiratory  tone  are  ultimately 
connected  with  one  another,  for  they  are  both  abolished  by  a  large  dose 
of  chloral,  by  dyspnoea  or  by  anything  which  tends  to  lower  the  vitality 
of  the  respiratory  centre.  They  are  not  primarily  due  to  the  condition 
of  the  air  in  the  lungs,  for  they  may  be  entirely  absent  although  the 
animal  is  breathing  an  atmosphere  of  pure  oxygen,  provided  the  vitality 
of  the  centre  has  been  depressed  by  an  excessive  dose  of  chloral. 
During  dyspnoea  both  phenomena  are  absent  although  division  of  the 
vagi  causes  a  great  increase  in  the  strength  of  the  rhythmic  inspiratory 
contractions.  On  the  other  hand  the  difference  between  the  duration 
of  the  first  and  second  inspirations  can  be  increased  by  dividing  the 
vagi  during  an  inflation,  even  if  the  lungs  have  been  inflated  with 
hydrogen.  Now  in  this  case  the  inhibition  which  was  removed  on 
divi<ling  the  vagi  h:v8  been  increased,  and,  as  a  consequence  of  this 
increase,  the  difference  between  the  duration  of  the  first  and  subsequent 
inspiration  is  more  marked  than  usual.  In  the  same  way  we  have 
already  seen  that,  when  the  vagi  are  divided  during  an  inhibitory 
apnoea  caused  by  periodic  inflations,  the  first  inspiratory  contraction 
after  the  panse  w.'ts  noticeable  for  its  enormous  duration.  Thus  we 
must  assume  that  division  of  the  vagi  not  only  removes  a  check  upon 
the  rhythmic  inspiraticm,  but  also  upseLs  the  balance  of  the  centre  by 
settijig  free  the  potential  inspiratory  energy  stored  up  during  the  time 
the  centre  was  adapted  to  the  inhibitory  stimulus. 

In  conclusion,  the  vagi  produced  two  effects  upon  the  centre  during 
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normal  breathing.  Firstly,  each  inspiratory  contraction  is  checked  when 
it  has  reached  a  certain  height  owing  to  the  stimulus  caused  by  the 
dilatation  of  the  lungs,  and  secondly,  the  inspiratory  vitality  of  the  centre 
is  increased  owing  to  these  frequently  repeated  inhibitory  stimuli. 
Bcmoval  of  these  nerves  will  therefore  produce  two  distinct  moiUfica- 
tions  in  the  breathing,  one  of  which  is  permanent,  the  other  more  or 
less  transitory.  Firstly,  the  inspiratory  contraction  will  be  increased  in 
strength  and  duration  in  consequence  of  the  regulating  influence  caused 
by  the  variations  in  the  volume  of  the  lungs.  Secondly,  the  removal  of 
the  inhibitory  stimuli  will  set  free  the  greater  part  of  the  inspiratory 
energy  stored  up  in  the  respiratory  centre  under  the  influence  of  this 
inhibition,  and  will  cause  the  appearance  of  an  inspiratory  tone,  which  is 
most  marked  immediately  after  division  of  the  vagi,  and  gradually 
passes  o£f  as  the  centre  becomes  exhausted. 

In  conclusion  it  is  my  pleasant  duty  to  offer  my  sincerest  thanks  to 
Professor  Hering  for  the  extremely  kind  way  in  which  he  not  only 
placed  his  laboratory  at  my  disposal,  for  nearly  two  years  and  a  half, 
but  also  helped  me  by  every  means  in  his  power. 


ON  THE  PHYSIOLOGY  OF  THE  SALIVARY  SECRE- 
TION. By  J.  N.  LANGLEY,  HA.,  F.RS.,  FelUm  and 
Ledurefi"  of  Trinity  College^  Cambridge. 

Part  V.  The  effect  of  stimulating  the  cerebral  secretory 
nerves  upon  the  amount  of  saliva  obtained  by  stimulating  the 
sympathetic  nerve. 

In  the  summer  and  autumn  of  1887, 1  was  carrying  on  a  series  of 
observations  upon  the  morphological  elements  in  saliva  In  these 
observations  a  few  drops  of  saliva  were  obtained  by  stimulating  the 
chorda  tympani,  or  the  sympathetic  nerve,  and  the  chemical  nature  of 
any  bodies  that  could  be  seen  in  the  saliva  were  tested  under  the 
microscope.  Thus,  now  one  nerve,  now  the  other,  was  stimulated  at 
very  irregular  intervals.  Stimulation  of  the  sympathetic  gave  at 
different  times  very  unequal  quantities  of  saliva,  but,  perhaps  because 
such  an  inequality  had  often  been  noted  before,  by  others  as  well  as  by 
myself,  I  paid  no  attention  to  it,  until  one  experiment  in  which  I  wished 
to  see  whether  repeated  alternate  stimulation  of  the  chorda  and  of  the 
sympathetic  would  alter  the  appearance  of  the  spheres  and  lumps  of 
sympathetic  saliva.  After  obtaining  several  specimens,  it  struck  me,  that 
the  sympathetic  stimulation  had  without  exception  produced  a  flow 
of  saliva,  more  abundant  and  less  viscid  than  usual.  I  at  once 
proceeded  to  try  the  effect  of  varying  the  pause  between  stimulation 
of  the  chorda  and  stimulation  of  the  Bympathotic,  and  it  soon  appeared 
that  the  sympathetic  secretion  was,  broadly  speaking,  the  more  abun- 
dant the  more  quickly  it  was  obtained  after  stimulation  of  the  chorda. 
Having  thus,  somewhat  accidentally,  come  upon  this  fact,  and  having 
satisfied  myself  that  the  sub-lingual  gland  gave  the  same  results  as  the 
sub-maxillary,  I  naturally  turned  with  much  interest  to  the  parotid 
gland  of  the  dog,  which  had  so  rarely  been  found  to  secrete  on  stimu- 
lation of  the  sympathetic  nerve.  I  obtained,  what  I  had  scarcely 
ventured  to  expect,  a  secretion  from  the  gland  following  without  fail  on 
each  stimulation  of  the  sympathetic  nerve,  provided  that  Jacobson's 
nerve  had  been  stimulated  a  short  time  previously. 
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A  preliminary  communication*  on  the  subject  I  have  already  made, 
and  I  propose  now  to  treat  it  more  fully. 

It  will  be  convenient  to  take  the  sub-maxillary  and  parotid  glands 
separately.  With  the  sub-lingual  gland  I  have  not  made  so  many  nor 
such  detailed  observations  as  with  either  of  the  others,  but  the  results 
obtained  correspond  so  closely  with  those  to  be  set  forth  for  the  sub- 
maxillary gland,  that  it  is,  I  think,  unnecessary  to  do  more  than  simply 
to  state  that  this  is  the  case. 

The  Sub-maxillaky  Gland. 

MeOiod  of  exjyerimentation. 

The  following  procedure  was  as  a  rule  adopted;  when  in  any 
experiment  a  divergence  in  procedure  worthy  of  note  was  made,  it  is 
mentioned  in  the  account  of  that  experiment. 

Morphium  hydrochlorate  was  injected  sub-cutaneously,  generally  in 
considerable  quantity,  viz.  2  to  4  ac.  of  a  4  or  5  p.c.  solution.  In  half-an- 
hour  to  an  hour,  chloroform  if  necessary  being 'given,  a  three-way  tube  was 
tied  in  the  tn\chea,  and  one  limb  of  the  tube  connected  with  a  Ix^ttle 
containing  a  mixture  of  chloroform  and  ether ;  the  bottle  was  removed 
if  the  respiration  t>ecame  feeble. 

The  chordo-lingual  nerve  was  cut  and  the  chorda  dissected  out  for  a 
^  to  a  ^  an  inch. 

The  sympathetic  nerve  was  dissected  out  from  the  vagus  in  the  neck 
for  about  an  inch,  ligatured  and  cut;  usually  the  vagus  was  also 
ligatured  and  cut. 

The  cannula  tied  in  Wharton's  duct  was  connected  by  a  three-way 
tube  with  a  glass  tube  lying  over  a  scale  graduated  in  millimetres. 
When  noting  the  rise  of  saliva  in  the  tube,  it  was  placed  at  an  angle  of 
about  30^  from  the  horizontal.  An  assistant  either  noted  the  rise  of 
saliva  in  the  tube  at  definite  intervals,  as  SO  sees.,  or  stimulateii  the 
nerves  as  directed.  Two  tubes  were  used ;  35 J  millinietres  of  tlie  Inrgcr, 
and  76  millimetres  of  the  smaller,  corresponding  to  '25  c.c.  The  larger 
tube  was  used  for  the  sub-maxillary  gland  except  in  Exps.  IV.,  V. 
and  VL 

One  DanielTs  cell  was  used  with  a  du  Bois  Rey mend's  induction 
coil,  arranged  for  an  interrupted  current.     The  position  of  the  index  of 

^  "On  'secretory*  fibres  in  the  sympathetio  nerve  snpplj'ing  the  pnrotid  of  the  dog.** 
Proceedings  Phyniological  Society ^  No.  1,  Feb.  11,  1888  (this  Journal,  Vol.  ix.). 
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the  secondary  coil  is  indicated  by  c  »  —  ,  tlius  c  =  9  moans  that  the 
index  of  the  secondary  coil  was  9  cm.  from  the  primary.  The  position 
of  the  secondary  coil  is  omitted  when  it  was  the  same  as  that  of  the 
previous  stimulation.  Thus  in  Exp.  II.  the  first  three  stimulations  were 
with  the  secondary  coil  at  9  cm.  from  the  primary,  and  the  rest  of  the 
stimulations  with  the  secondary  coil  at  8  cm. 

In  the  experiments,  the  flow  of  saliva  in  millimetres  was  usually 
taken  during  each  successive  30  seconds;  in  the  account  of  the  experi- 
ments the  numbers  representing  the  flow  in  millimetres  in  successive 
30  seconds  are  written  in  a  line;  sometimes  the  flow  of  saliva  was 
taken  at  shorter  or  longer  periods,  in  sucli  cases  the  time  is  placed  above 
the  number  representing  the  rise  of  saliva  during  it;  when  during  one 
of  the  periods,  the  chorda  tympani  or  the  sympathetic  was  stimulated,  it 
is  shown  by  putting  Ch.  or  Sy.  under  the  number  representing  the  flow 
of  saliva  during  the  periwl.     Thus  in  Exp.  I. 

7' 

UJii.3 

«y. 

indicates  that  the  sympathetic  was  stinuilated  for  GO  sees.;  that  the 
saliva  rose  1^  mm.  in  the  tube  in  the  first  30  sees.,  and  l^  mm.  in  the 
second  30  sees,  and  that  the  rise  of  saliva  in  the  subsequent  7  minutes 
was  3  mm. 

General  Features. 

I  will  first  give  some  experiments  to  show  the  extent  and  duration 
of  the  effect  of  stimulation  of  the  chorda  tympani  upon  the  subsequent 
stimulation  of  the  sympathetic  nerve. 


EXPERIMENT  I. 

Oct.  29,  1887.  Dog.  Weight  5|  kilos.  Chorda  tympani  isolated  but  wot 
cut.  The  same  strength  of  stimulus  was  used  throughout,  viz.  an  interrupted 
current  just  felt  to  the  tip  of  the  tongue.  V.S.  below  indicates  that  tlic 
combined  trunk  of  the  vagus  and  sympathetic  was  stimulated  on  the  superior 
cervical  ganglion  side  of  the  place  at  wliich  the  sympathetic  was  dissected  outw 
Cannula  in  W  barton's  duct  connected  with  gi*aduated  tube,  the  rise  of  saliva 
in  this  in  millimcti*e8  is  given  for  eveiy  30  sees,  [except  in  (2)  in  which  it 
is  given  for  every  15  sees.]  unless  otlierwisc  mentioned. 

PH.  X.  21 
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r     V  y    8'         1'    1'    r 

(1)  1.2.    0.  IJ.li.T.  124.4.0.  15.4J.3|."0.  1J.¥.  i6J."0.  J 

Sy.  ChT  By.  vTb.  vis. 

10"     90"    16"  16" 
9J.  2.  2.  1  .  J.  12]  .To.^.T.  4.3.2.0 

"chT  V.S. 

(2)  2.2.     Bise  of  saliva  in  successive  15  sees. 

6'    1'  1'   4' 

"O.T.  J  .  6  .  13J  .  13  .  2J  .  2  •I'.'O 
By.       ChT*  By. 

*  The  stimiilation  of  ihe  chorda  was  stopped  as  soon  as  the  secretion  of  saliva  began. 

16"   15" 

(3)  2.13.     0.0._5^  1  .O.^S.  l.O.O.O.Jj^.  J.  7i.0."9J."r 

^?  Byl  &yl        Ch>  By. 

*  The  stimnlation  of  the  chorda  was  stopped  as  soon  as  the  secretion  of  saliva 
bogan. 

(4)  2.24.     Stimulate  chorda  for  2  min. ;  tube  filled  =  225  mm. 

2.27.     Stimulate  chorda  for  2  min.;  tube  filUul  =  225  mm.,  scci-ctiou 

continues. 

16"  16"  16"   16"     2*     1' 

2.30.     9.8.8.7.T3.T.  4.  2^.  2.5i.^.5|."2 

Sy  By 

(5)  2.48.  _7^.3J.4i.4.4.3.2.5.2.2.5.2.3.2.2.6.0.  0 

V^.  V^.  v!s.  Sy^ 

0.2.0 


Sy. 

The  vagus  dissected  out  and  stimulated  gave  no  constant  result,  usually 
producing  no  secretion ;  possibly  tlie  effective  portion  of  it  was  left  behind 
with  the  sheath. 

EXPERIMENT  II.  (a). 

Jan.  2, 1888.  Dog.  Weight  G^  kilos.  The  secondary  coil  at  9  cm.  gave  a 
current  feebly  felt  on  the  tongue.  The  same  coil  and  electi^odos  wei'u  usoil  for 
both  chorda  and  sympathetic 

(1)     12.30.     Stimulate  chorda,  secretion  continues  slowly  after  stimulation. 

16" 
12.37.     Rise  ea<;h  30  sees.     2  .  2  .  1 J  .  IJ  .  J  .  4J  .  2J  .  2  .  1  ."pj  .  9 

Sy.c  =  9  Ch. 
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15" 

1  .  5J  .  1 J  .  1  .  1  .  1  .  1  .  1  .  J  .  2J  .  J  .  1  .  i  .  3  .  J  .  0  .  7^" 

SyT  ciT 


Sy.                                               Sy.c=8 

15"                                                                15"  15" 

10.6.  2.  11.  IJ.  J.  2.  1.  11  .3.6.  2 

Sy.                  Sy.        Ch.*           Sy. 

*  Chorda  stimulated  for  five  seoonds. 

90"                  16"  16" 

(-0 

12.58. 

180  .  7  .  1  .  IG  .  7  .  5  .  0 

Ch.                    Sy. 

15"   15" 

(•^) 

1.7. 

IJ  .  1»  .  1  .  1  .53.^.  20.  1  .  16  .4.  4.  2  . 

Sy.                          Ch.                       Sy. 

15"  15" 

6.2.3.    2 

15"    16" 


Ch.  c=7 


Sy.  c  =  15    Sy.c=7 
(The  rest  of  this  expeiiment  is  given  on  p.  305.) 

EXPERIMENT  III.  (a). 

Jan.  &,  1888.     Large  Dog.      Secondary  coil  at  7  cm.,  this  gives  shocks 
fairly  strong  to  the  tongue 

liisc  of  still vii  taken  every  30  sees. 

(1)  1.10.     1  .  2J .  2J  .  f  .  J  .  3J  .  2  .  1  .  3  .  2J  .  J  .  82  .  45  .  3  .  2  .  1  .  J 

""Sy.  Sy!  "Sy.  Ch. 

17i  .  4  .  6  .  3  .  4J  .  3  .  1^ 
SyT         SyT        ^ 

(2)  1.30.     Choixla  stimulated  for  a  minute  and  a  half.     In  a  minute  or 

two  after  end  of  stimulation,  secretion  stoi»s. 

2.36.     0.0.  Gi.  4.  2.  2.  U  .  0.  3i  .4.4 

(The  rest  of  this  experiment  is  given  on  p.  311.) 

EXPERIMENT  IV.  (a). 

^rb.  18,  1888.      Dog.     Weight  18  kilos.      Chonlo-lingual  nerve  uncut. 
On  cutting  open  the  sheath  of  the  vago-symi)athctic  nerve,  the  sym|>athetic 
was  less  distinctly  visible  than  usual,  in  consequence  the  sympathetic  as 
8C|»aratcd  out  contained  some  nerve  fibres  of  the  vagus. 

c  ~  7,  this  gives  shocks  of  uioderutc  strength  to  tongue. 

21—2 
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(1)     12.15  to  1.3.     Stiuiulate  chorda  at  intervals,  collect  18  c.c.  of  saliva. 
1.27.     Stimulate  chorda  1  min. 

15"  16"  16"  16"  00"  60"  16"  15" 


1.33.     0.13.  7.7  .6  .  U.  1  .  3.7.9.5.J.2J.1J.  J.  0.0.  0.0 


16"  each 


16"  each 


0.5.9.9. C.S.IJ.  J  .  7 . 3.4  .2. 2.  2.4J . 3J. 2J .  IJ 


By. 

2J  .  4  .  4J  .  3  .  2  .  J  .  0 


Sj. 


Sy. 


60"  each 


'f       1  K" 


15"    16 


(2)  1.54.     235  .  225*  .  55*  .  18  .  5  .  3  .  2  .  2  .  1 J  .  1  .  1  .  0  .  23  .  8  .  10 

Oiu  '  Sy. 

16"  oAch 

9.4. IJ. 0.0.  5.4.4.4.  6.  4.  4.  3.  1.1. J. 0 

2.15.     Cut  ohordo-lingual  nerves. 

7"    8"  16" 

(3)  2.16.     200 .  155* .  105* .  25  .  2 .  2  .  0  . 0 .  0  ."2r.¥.T'.  C .  4  .  3 .  2  .  2 

^.0.0.0.0.7.4.4.3.3.2.2.^.0 

"syT 

*  The  rise  of  saliva  was  rather  greater  than  this,  since  the  tabe  was  of  necessity 
emptied  during  the  secretion. 

(The  rest  of  this  experiment  is  given  on  p.  30G.) 

In  these  experiments  it  is  seen  tliat  stimulution  of  the  chorda 
tynipani  increases,  without  exception,  the  amount  of  saliva 
obtained  by  quickly  following  sympathetic  stimulation.  The 
secretion  so  obtained  I  shall  sometimes  for  the  sake  of  brevity  call  the 
'  augmented  '  sympathetic  secretion.  Fairly  typical  examples  are  those 
in  Exp.  I.  (I)  viz. 

KXTIIACT   A. 


Time  during  which 
saliva  secreted 

• 

80 
sees. 

30 
sees. 

30 
sees. 

60 

80 
sees. 

80 
sees. 

80 
sees. 

80 
sees. 

2 

min. 

Saliva  secreted  measured 
in  mm.  of  tubing 

0 

synip. 

li 

124 

4 

0 

16 

symji. 

4i 

8* 

Nerve  stimulated 

Hvnip. 

tihorda 

S3nup. 

8 
min. 


and  in  li^xp.  II.  (3),  viz. 
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Extract  B. 


Time  daring  which  8all?a 
secreted  in  seconds 

80 

30 
14 

30 

1 

30 
1 

30 
53} 

30 
20 

80 

1 

15 

16 

By  mp. 

15 
4 

80 

4 

30 
2 

80 

Saliva  secreted  measured 
in  mm.  of  tubing 

H 

1 

Kerve  stimulated 

symp. 

chorda 

symp. 

III  llic  former  of  these,  the  cliorda  tyinpani  wrus  intact,  in  tlio  latter, 
it  vas  cut ;  this  has  little  or  no  influence  on  the  course  of  events,  except 
when  a  reflex  secretion  is  caused — a  point  which  will  be  considered 
later. 

If  the  sympathetic  is  stimulated  several  times  in  succes- 
sion at  short  intervals  after  a  chorda  stimulation,  the  amount 
of  saliva  obtained  from  the  stimulation  of  the  sympathetic 
rapidly  decreases. 

Thus  in  Exp.  111.(1 ) 

Extract  C. 


Saliva  secreted  in  suc- 
cessive periods  of  30" 

Nerve  Htimulatcd 


1 

3 

24 

4 

82 

45 

3 

2 

1 

4 

17i 

4 

6 

3 

*4 

3 

sy. 

ch. 

oh. 

sy. 

sy. 

sy. 

14 


Amongst  other  illustrations  of  this  may  be  noted  that  in  Exp. 
VI.  (2)  p.  304. 

The  rate  of  decrease  varies  somewhat  in  the  different  experiments, 
and  in  cases  in  which  there  is  a  prolonged  after-secretion  it  may  not  be 
quite  regular  in  the  coui-se  of  a  single  experiment  (cp.  Exp.  IV.).  The 
cause  of  the  prolonged  aftor-secretion  I  shall  consider  later. 

The  longer  the  first  stimulation  of  the  sympathetic  is,  and, 
within  certain  limits,  the  stronger  the  stimulus  applied  to  it, 
the  less  is  the  subsequent  sympathetic  secretion  above  nor- 
mal; thus  a  stimulation  of  the  sympathetic  for  two  minutes  after  a 
chorda  stimulation  may  reduce  the  amount  of  saliva  obtained  by  subse- 
quent sympathetic  stimulation  to  the  amount  obtained  j)revious  to  the 
chorda  stimulation. 

The  augmenting  effect  of  chorda  stimulation  upon  the 
sympathetic  secretion  disappears  in  time  although  the  sym- 
pathetic is  in  the  interval  not  stimulated.     The  time  required 
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to  do  this  seems  to  vary  considerably.  I  have  not  made  very  many 
experiments  on  this  point  The  greater  part  of  the  effect  certainly 
disappears  in  10  to  15  minutes;  for  what  length  of  time  it  may 
still  be  distinctly  perceptible  I  am  unable  to  say;  in  Exp.  III.  No.  2 
there  is  apparently  a  case  in  which  some  effect  remained  after  a  pause 
of  an  hour,  but  other  causes  might  have  produced  the  result. 

When  a  given  stimulus  gives  rise  in  a  tissue  to  greater  functional 
activity  than  normal,  the  irritability  of  the  tissue  is  said  to  be  increased; 
so  we  may  then  put  the  conclusions  given  above  in  the  following  form : — 
stimulation  of  the  chorda  tympani  increases  the  irritability  of 
the  gland  for  impulses  reaching  it  by  the  sympathetic  nerve; 
the  increase  in  irritability  slowly  falls,  and  the  fall  is  hastened 
by  prolonging  the  stimulation  of  the  sympathetic. 

In  the  cases  in  the  above  experiments,  in  which  the  amount  of  the 
sympathetic  secretion  is  taken  during  every  15  seconds  instead  of  during 
every  30  seconds, it  will  be  observed  that  the  increase  in  its  amount 
obtained  by  previous  chorda  stimulation  is  obtained  chiefly 
although  by  no  means  entirely  in  the  first  15  seconds  of 
sympathetic  stimulation.  (Cp.  Extract  B,  p.  297.)  Further  in  all, 
or  nearly  all  cases,  the  rate  of  secretion  becomes  very  distinctly  slower 
in  the  latter  part  of  the  period  of  15  seconds.  Thus  in  Exp.  IV.  (a), 
No.  3,  in  stimulating  the  sympathetic  for  30  seconds,  the  Siiliva 
rises  21  mm.  in  the  first  7  seconds,  8  mm.  in  the  succeeding  8  seconds, 
and  5  mm.  in  tho  succeeding  15  seconds.  And  by  carefully  noting 
the  rate  of  secretion  it  can  be  seen  that  it  attains  its  maximum 
within  two  or  three  seconds  or  even  in  less  than  this,  of  its 
time  of  starting.  The  maximum  is  maintained  for  a  variable  time, 
there  is  then  a  steady  fall,  at  first  rapid  and  then  slower  and  slower. 
The  curve  of  the  rate  of  secretion  differs  then,  both  from  that  of  the 
chorda  saliva  and  of  ordinary  sympathetic  saliva. 

The  duration  of  the  chorda  stimulation  affects  the  amount  of  saliva 
ensuing,  on  quickly  following  sympathetic  stimulation  comparatively 
little.  I  have  made  a  few  experiments  only,  with  regard  to  this,  but 
it  appears  to  me  that  the  maximum  is  soon  attained,  e.g.  with  a  stimu- 
lation of  a  half-a-minute  to  a  minute,  if  the  stimulus  is  fairly  strong. 
It  is  clear  at  any  rate  that  a  very  brief  stimulus  of  the  chorda, 
stopped  almost  as  soon  as  a  secretion  is  observable,  causes 
a  very  marked  increase  in  the  subsequent  sympathetic 
saliva.  The  most  notable  case  of  this  is  the  following  from  Exp.  L 
(No.  3). 
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« 

BXTKACT  D. 

Saliva  flow  every 
80  sees. 

0 

5 

1 

0 

15 

1 

0 

0 

0 

li 

1 

Nerve  stimulated 

Ghordn  for 
2  to  3  sees. 

symp. 

symp. 

Stimulate  the  cLoixla  for  2  min.  twice;   before  the  after-secretion  has 
stopped  take  the  flow  of  saliva. 


iSiUivA  flow  every 
»0  aeofl. 

8 

7 

IC 

4 

n 

Nerve  stimulated 

Sy. 

So  far  as  prolonged  stimulation  of  the  chorda  has  a  different  effect 
from  brief  sLimuhition,  it  appears  to  increase  the  amount  of  tlie 
sympathetic  saliva  during  its  later  rather  than  during  its  eai'ly  perioil. 

In  the  course  of  an  experiment  in  which  the  chorda  and  sympathetic 
are  repeatedly  stimulated,  the  'augmented'  secretion  very  greatly 
diminishes ;  this  seems  to  be  chiefly  due  to  the  repeated  stimulation  of 
the  sympathetic.  The  maximum  amount  which  I  have  observed  to  be 
secn^lcd  in  15  seconds  is  a  third  of  a  cubic  centimetre. 

The  saliva  obtained  is  thick,  viscid  saliva,  although  less  viscid  than 
onlinary  sympathetic  saliva. 

In  the  cat,  so  far  as  I  have  observed,  the  effect  of  stimulating  the 
chorda  tympani  upon  the  subsequent  sympathetic  saliva  is  less  than  it 
is  in  the  dog,  and  moreover,  in  the  course  of  a  protracted  experiment,  it 
may  become  inconstant. 

lAiteiit  period.  In  making  observations  on  the  latent  period  I 
obtained  tracings  with  the  aid  of  Lud  wig's  kymograph,  and  of  time- 
markers  of  the  moment  of  stimulation  and  of  the  moment  at  which  a 
rise  of  secretion  could  be  observed  in  a  tube  of  2  mm.  diameter 
lying  over  a  graduated  scale  and  connected  with  the  cannula  tied  in 
the  duct. 

It  is  possible  that  the  very  beginning  of  the  secretion,  if  it  were 
slow,  might  thus  go  undetected.  But  by  this  method  the  results  have 
been  uniform,  the  '  augmented '  sympathetic  secretion  has  a  less 
latent  period  than  the  ordinary  sympathetic  secretion.  When 
the  sympathetic  is  stimuUted  several  times  in  succession,  after  a 
chorda  stimulation,  the  latent  period  increases,  as  the  amount  of  saliva 
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decreases.  In  any  one  animal  the  more  copious  the  secretion 
the  less  the  latent  period.  This  latter  result  was  obtained  without 
exception  in  the  few  cases  in  which  I  took  time  tmcings  of  the 
latent  period  and  of  the  amount  of  secretion,  but  on  account  of  the 
fewness  of  the  cases,  I  am  not  prepared  to  say  that  exceptions  may 
not  occur. 

In  making  the  comparison  between  the  hitcnt  i>criiHl  of ':uij(moiiUMr 
and  ordinary  sympathetic  saliva,  the  stimulus  in  the  two  cases  must  of 
course  be  the  same.  If  the  chorda  stimulus  be  weak,  though  still 
producing  a  fairly  copious  secretion,  the  latent  period  of  the  immediately 
following  sympathetic  secretion,  produced  witli  a  fairly  strong  current, 
may  even  bo  loss  than  that  of  the  cliorda  secretion. 

Whilst  speaking  of  the  latent  period  I  may  mention  one  or  two  points 
about  it,  although  probably  they  are  well  known.  With  a  very  weak 
chorda  secretion,  the  latent  period  may  be  two  to  four  seconds,  although 
when  the  secretion  occurs  it  is  not  a  scanty  one.  After  a  certain 
(not  too  large)  dose  of  atropin,  stimuUition  of  the  chorda  may  fiul  to 
produce  a  secretion  for  half-a-minute  or  even  longer  (op.  Exp.  IV.  (i), 
No.  ],  p.  306).  After  rcjioated  stimulation  of  the  sympathetic,  it  may 
sometimes  happen  that  no  secretion  can  be  seen  to  take  place  for 
half-a-minute  to  a  minute  after  the  beginning  of  stimulation,  occasion- 
ally only  beginning  when  the  stimulation  of  the  nerve  has  ceased ; 
in  such  cases  I  have  never  observed  the  secretion  to  be  otherwise  than 
scanty. 

A  copious  secretion  after  a  long  latent  period  I  have  only  observed 
when  the  chorda  tympani  nerve  was  intact,  and  the  vago-sympathetic 
stimulated ;  that  is  to  say  when  the  copious  secretion  was  a  reflex 
one.     An  instance  of  this  is  given  in  Exp.  I.,  No.  I. 

ExTRAor  E. 


Time  of  flow  of 
saliva  in  flees. 

BO 

80 

GO 

60 
15i 

30 

Flow  of  saliva  in  mm. 

0 

14 

8 

0 

Nerve  stimulated 

vago- 
sympathetic 

In  this  case  the  secretion  began  at  the  end  of  the  period  of  stimula- 
tion, synchronously  with  alight  movements  of  the  animal.  According  to 
Buff,  stimulation  of  the  vagus  (and  of  other  sensory  nerves)  only  causes 

'  Buff,  Eckhard'$  BeitrOge,  Bd.  zn.  p.  1, 1888. 
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a  reflex  secretion  when  it  also  causes  some  movements,  and  even  then 
the  secretion  may  be  absent,  especially  after  a  large  dose  of  the 
an<acsthctic  employe*!.  It  seemed  to  Buff  that  the  latent  period  of  tlie 
saliva  oblaincd  by  stimulating  the  vagus  was  greater  than  that  of  saliva 
ubUiining  by  stiumlating  other  sensory  nerves,  o.g.  the  sciatic.  Ho  does 
not  however  give  any  time-data.  The  long  duration  of  the  latent  period 
in  the  experiment  I  have  quoted  above,  was  no  doubt  due  to  the 
anaesthetic.  As  a  rule  I  have  obtained  no  reflex  secretion  from 
stimulating  the  vagus,  the  animals  being  deeply  narcotized ;  in  the 
iiisUiuces  in  which  it  has  occurred  it  has  usually  dragged  on  for 
several  minutes.  In  this  respect  a  difierence  in  the  effect  of  stimu- 
lating the  vago-sympathetic  and  the  sympathetic  is  indicated  in 
Exp.  I.,  No.  5. 

Now  and  then  it  happens  in  an  experiment  that  the  flow  of  saliva 
produced  by  stimulating  either  the  chorda  or  the  sympathetic  continues 
from  two  to  ten  minutes  after  the  cessation  of  the  electrical  current. 
This  I  think  is  due  to  nervous  stimuli  continuing  to  pass  down  the  nerve, 
and  not  to  a  spontaneous  continuation  of  secretion  by  the  gland  cells. 
When  this  after-secretion  occurs  from  stimulation  of  the  sympathetic, 
the  decrease  in  the  amount  of  saliva  in  successive  sympathetic  stimula- 
tions is  less  than  normal ;  if  the  flrst  stimulation  is  made  without  the 
(•horda  having  been  stimulated  a  short  time  previously,  and  it  produces 
an  after-secretion,  the  second  stimulation  may  produce  a  greater  flow  of 
saliva  than  the  first ;  apparently  a  weak  stimulation  of  the  sympathetic 
increases  the  irritability  of  the  gland.  I  propose  making  further  experi- 
ments on  the  point. 

Although  the  effect  of  stimulating  either  chorda  tympani  or  sympa- 
thetic decreases  somewhat  in  the  course  of  a  long  experiment,  in  part 
no  doubt  in  consequence  of  the  exposure  of  the  nerve,  yet  at  times  one 
or  both  nerves  p:iss  into  a  sbite,  in  which  treatment,  ordinarily  without 
effect,  causes  a  secretion.  Thus  simply  taking  up  the  nerve  by  its 
ligature  and  laying  it  across  the  electrodes  preparatory  to  stimulating 
it,  there  being  no  electric  current,  may  produce  a  flow  of  saliva.  An 
example  of  mechanical  stimulation,  ordinarily  ineffective,  producing  a 
flow  of  saliva  is  given  in  the  following  experiment,  which  shows  some 
other  iwints  regarding  secretion. 

EXPERIMENT  V. 

Aug.  23,  1888.  Dog.  Weight  5^  kilos.  Chorda  placed  on  electrodes  or 
covered  up  hut  without  any  special  precaution  to  prevent  slight  shifting  by 
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occasional  swallowing  movements.     Different  ooila  were  used  for  tlie  chorda 
and  the  sympathetic. 

12.38.    Stimulate  chorda. 

(1)    12.51.    Saliva  flow  each  30  sees,  in  mm. 

0.6.6.3.3.0.0.1.  11. 1.7. 4. 3. 2. 1.1.0.    G 


(2)    2.17. 


Sy.  cj 

=8 

Pallod  Sy. 
slightly 

11' 

»y 

• 

8y.  lor 
6".c=7 

0.    4    . 

0, 

.2.1 

.0.2.2.2 

.  1 

.1. 

0. 

0. 

i 

Sy.  for 
6" 

Sy.for 
2" 

Sy.  c=8 

■ 

By.  for 
6" 

Ch.c=8 

Ch. 

72     . 

10 

.1.0. 

-.0.0.0. 

0. 

17. 

8. 

37. 

,  13. 

5.0.0 

By. 

e=8 

Gh. 

Ch. 

15  .  63  .  17  .  11  .  7  .  4  .  1  .       12      .  1  .  1  .  0 .  0  .  - .  0  .  134 


Sy.  Disseot  Sy. 

liigher  up 


Ch.  Ch.fTrl.'; 


16  .-.  0  .  19  .  5  .  - .  -.2. 1.6. 4.  45.  14. 4.  7.  6.3 
Sy.  Syl 

Ch.  Sy. 


3.  19.8.  2.2.  11  .5 

(3)     2.50.     Shift  chorda  slightly  on  electrodes. 

Ch.c=16  Ch.  Ch. 

0.      16      .3.      20     .6.17.2.  0.18".  3.  14  .  6  .  4.  1 

Sy.c=8  s^; 

Ch.  Ch.  Ch. 


6.  4. 1.0.  8.  2. 1.0.  11.  2. 3.0 

Injoot  330  0.0.  NaCl  -A  into  ▼<iin 
(I)    3.15.     0.  10.6.  4.  5.3.0.6.  6.  2.  oT?To.  0.  0.  ^.  0.  ^.  ^.  0 

Sy.  Sy.  Sy. 

Inject  830  o.o.  NaCl  -6  Injeot  380  0.0.  NaCl  -6 

J  .2.3.  2  .6.2.1.  577".  6  .6.1.1 .  0  .  6  .  10  .  6 .  271 

Sy.  Sy.  Sy. 

1  .O.Jk4.^.5.£_.5.2.^.4.0.1.1.0.  1  .3.3.6.1.1 

Sy.        Sy.       Sy.  SyT      SyT  SyT      SyT 

c  =  7 
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Ch.c  =  16       Ch.c  =  8  Cli.c=15         Oh.c  =  8 


0  .      0     .  0  .     88    .  26  .  2  .  1  .  -  .  0  .      0      .  1  .    126    .14 

Ch.c=12 


3.3.     17    .6.2.      2      .3.-.    84    .13.     17     .3.3 


By.c=7  By.c=15  by.c  =  12 

Fletcher  and  myself  found  that  the  secretion  obtained  by  pilo- 
carpin  or  by  stimulating  the  chorda  tympani  with  fairly  strong  shocks, 
was  incroa.sod  by  injecting  into  a  vein  a  sufficient  amount  of  dilute  salt 
solution.  In  the  exporiniont  just  given  there  was  a  slight  increase  in 
the  sympathetic  secretion  during  the  injection,  but  the  effect  was  ap- 
parently transient. 

The  injection  did  not  here  increase  the  effect  of  minimal  stimulation  of 
tlio  chonla  tympani,  on  the  contrary  shocks  producing  a  secretion  before 
injoctiou  fuiled  to  do  so  jifborwards.  This  may  have  been  duo  to  a  dccrcjuse 
in  irritibilily  of  the  gland  in  the  interval  owing  to  the  lessened  blood  supply 
brought  ab4)nt  by  repeated  stimulation  of  the  sympathetic,  or  to  other 
causes. 

Compai^on  of  rate  of  blood  flow    and   rais  of  secretion  when  Hie 
sympathetic  nerve  is  stimidaied  after  the  chorda  tympani 

It  has  boon  shown  by  v.  Frcy'  that  when  the  sympathetic  is 
stimulated  with  maximal  shocks,  the  blood  vessels  of  the  sub-maxillary 
gland  contract  even  if  the  chorda  tympani  bo  stimulated  at  the  same 
time. 

Since  in  my  experiments  maximal  stimulation  of  the  sympathetic 
after  the  chorda  tympani  gave  a  greater  secretion  than  normal,  it 
followed  that  the  increased  secretion  could  not  be  due  to  a  delay  in 
the  contraction  of  the  blood  vcsscla  Still  it  seemed  advisable  to 
make  matters  quite  clear  by  observing  the  blood  flow  at  the  same 
time  as  the  secretion. 


EXPERIMENT  VI. 

Aii'ff.  20,  1888.  Dog.  Weight  7^  kilos.  All  branches  of  jugular  tied 
except  the  branches  from  the  sub-niaxillary  gland.  Inject  uito  opposite 
jugular  22  c.c.  of   10  p. c.  peptone  solution;  this  was  commercial  peptone 

'  Phil,  Trans.  Roy.  Soc.  Vol.  180,  1889  B,  p.  109. 

'  V.  Frcy,  Arhciten  a.d.  physiol.  Anstalt  xu  Tjeiptigt  Jahrg.  xt.  p.  89, 1877. 
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consisting  chiefly  of  albumoses.  Separate  batterj  and  ooil  used  in  stimula- 
ting chorda  and  sympathetic.  Chorda  first  gives  a  secretion  with  c  =  1 5*5 ; 
after  this  with  <;=16.  StimuLite  sympathetic  c=  12,  movement  of  eye  and 
dilatiition  of  pupil,  but  no  secretion ;  with  c  =  10,  secretion. 

Tie  cannula  iu  jugular  and  collect  blood  in  tul>c8  gmdnated  in  c.a 

(I)     5.0.      Blood  flow  0  C.C.  in  4  min.  =  I  J-  c.c.  in  30  sees. 

5.5.      Blood  flow  and  saliva  noted  every  30  sees.     Cliordo,  c~14; 
sympathetic,  c  =  8. 

Blood  flow  in  c.c.         l-l*H-f.^.i>|-i.|.j^.^-i 
Saliva  flow  in  mm.      0.0.   0  .5.4.4.4.6.5.4.3.9 

SyT  SyT  Sy7 
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Blood  has  formed  a  loose  clot  in  the  cannula. 

(3)  In  the  following  the  chorda  was  stimulated  c  =  10  and  Sy.  c»7. 

15"  16"  15"  15" 
5.45.     Blood  flow    1  .  2^  .  2J  .  3i  -T.^T-T-  •  1  •  i 
Saliva  64  .  23  .  28  .  36  .  "li"  .  "^     .9.4 

Ch.  Q^. 

(4)  Inject  10  cc,  10  p.c.  peptone. 

5.54.     Blood  flow  J.  J.M-i.  h  •  IJ.U.IJ.  2  .  1  .:1.  J  +  ..i- 
Saliva  4  .  4  .  4  .  8  .  3 .  37  .  10  .  12 .  15  .  19  .  23  .  8  .  6    .5 

W'  Ch.  "Sy.        By. 

Inject  50  mgrms.  atropin  sulphate — the  chorda  then  gives  even  a  less 
increase  of  blood  flow  than  in  the  preceding  observation.  Stimulation  of  the 
sympathetic  after  the  chorda  gives  a  flow  of  saliva  varying  from  1  to  3  mm. 
in  30  sees. 

The  blood  at  no  time  during  the  experiment  issued  from  the  gland  of  an 
arterial  tint,  on  stimulation  of  the  chorda. 
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Iq  the  first  part  of  the  experiment,  a  weak  stimulation  of  the 
sympathetic  produces  a  diminution  in  the  blood  flow  whether  it  is,  or 
is  not,  preceded  by  a  weak  stimulation  of  the  chorda ;  but  the  amount 
of  saliva  in  the  two  cases  is  very  markedly  diflerent.  Stronger  stimula- 
tion of  the  sympathetic  decreases  to  a  much  greater  extent  the  blood 
flow,  but  still  gives  the  augmented  secretion  after  stimulation  of  the 
chorda.  Hence,  the  augmented  sympathetic  secretion  is  not 
due  to  a  failure  on  the  part  of  the  sympathetic  to  cause  the 
normal  constriction  of  the  blood  vessels. 

Effect  of  atropin  given,  in  sufficietit  quantily  to  paralyse  the  secretory 

fibres  of  the  chorda  tympani. 

The  effect  of  atropin  upon  the  power  of  the  chorda  tympani  to 
increase  the  subsequently  secreted  sympathetic  saliva  depends  in  any 
one  expmment  upon  the  an)ount  of  atropin  injected.  The  amount  of 
atropin  recjuircd  to  produce  a  given  efi'ect  may  however  be  very  dilTercnt 
in  difierent  experiments.  We  may  distinguish  two  stages  in  the  action 
of  atropin ;  one  in  which  the  power  of  the  chorda  to  produce  a  secretion 
is  very  nearly  abolished,  but  its  power  to  increase  the  subsequent 
sympathetic  secretion  is  still  considerable,  and  another  in  which  its 
secretory  power  is  abolished  and  its  power  over  the  sympathetic  secre- 
tion is  reduced  to  very  narrow  liuiits.  It  is  true  that  the  former  sUige 
I  have  only  observed  twice,  but  there  is  reason  for  thinking  that  when 
it  was  not  observed  too  much  atropin  was  given  at  the  first  injection. 
We  will  consider  the  latter  stage  first  An  instance  in  which  the  gland 
was  in  this  stage  or  bordering  on  it  I  have  given  in  a  previous  paper\ 
Fifteen  mgrms.  of  atropin  were  in  this  case  injected  into  the  jugular  vein 
of  a  large  dog ;  after  this,  stimulation  of  the  chorda  tympani  had  but  a 
slight  effect  upon  tlie  sympathetic  secretion,  increasing  its  rate  of  flow 
about  three  times. 

EXPERIMENT  11.    (6). 

Jan,  2,  1888.  Dog.  Weight  6  J  kilos.  For  the  beginning  of  the  experi- 
iiieiit  SCO  p.  295. 

1.30.  Inject  into  jugular  vein  on  the  opposite  side  of  the  body  to  that 
on  which  flow  of  saliva  is  being  observed  1  c.c.  of  1  p.  o.  atro)>iu 
sulphate  diluted  with  4  c.e.  sodium  chloride  'G  p.  c,  i.e.  10  uigrins. 
atropin  sulphate  were  injected. 

»  TliiB  Journal,  Vol.  ix.  p.  08,  1888. 
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(1 )  1.32.     Flow  of  saliva  taken  each  minute : 

0  .0.0. 0.0. 0.0. 0.0. 0.1. J.  J.O.J.J.O.IJ 
ChT        ^yrcirSyrChrSyTByr  ChTSyT 

i  .  J  .  J  — saliva  now  taken  each  30  sees.    2^  .  1 J  .  1  .  1  .  J 

By.  Cir 

2 J  .  2 — pause,  rise  of  2^  mm.  in  15^  min. 

(2)  2.22.     O.J.O.O.l.J.l.J.J.J.J.J.J.l.i.i.2.2.1 

By.  "SyT  By.  CU.  "ByT 

l.lj^.  J.J.Kj.  J.J.Jl^.  l.^.JK  IJ  .  4J^.  U  .  1 
^y.  By.  By.  Oh.  By. 

1  .  ^  .  1^  .  2| .  2  .  1^  .  1| .  2  .  2  rise  of  2^  mm.  in  3  min. 
By.  Ch]  By. 

16"  15" 


(3)     3.3.      i  .  0  .  0 .  4J  .  1 J .  2  .  2J  .  1  .  3  .  7  .  1 J  .  1  .  2 .  2J  .  1 J .  li  .  3 

""SyT         CIk  By.  Oh.  d^.  By. 

Here,  after  10  mgrms.  of  atropin,  stimulation  of  the  chorda  has  very 
little  effect  upon  the  amount  of  the  sympathetic  saliva.  At  first  sight 
it  appears  to  have  no  effect,  but  this  point  we  will  consider  later.  A 
similar  action  of  atropin  is  shown  after  so  small  a  dose  as  5  mgrms.  in 
Exp.  X.  and  Exp.  XII.  (6).     Other  examples  are  given  in  Exp.  VI. 

Hence,  a  sufficient — ^not  necessarily  a  large — dose  of  atropin 
reduces  to  very  narrow  limits  the  power  of  the  chorda  tympani 
to  increase  the  subsequent  sympathetic  saliva. 

The  amount  of  atropin  given  in  the  above  experiment  docs  not,  as 
is  well  known,  abolish  the  vaso-dilator  power  of  the  chorda  tympani. 
And  this  is  seen  in  the  following  experiments. 

EXPERIMENT  IV.   (6). 

Feb.  18,  1888.     Dog.    Weight  18  kilos.    For  the  beginning  of  the  cxi>cri- 

mcnt  see  p.  295. 

Kise  of  saliva  taken  every  30  sees. 

(1)     2.37.     150  .  80  .  23  .      3      .2J.0.0.0.6J.4.4.3.3.2.1J 

Olh  Atropin*  Ch! 

J.0.0. 0.0. 1.1.4. 4.0.       17      .2.6J.6J.3.1.0 

Ch!  By.  for  16"  By. 

*  Inject  1*5  0.0.  of  -5  p.  c.  atropin— i.e.  7'5  mgs.  into  jagtilar  vein. 

No  further  secretion  in  6  min.     Stimulate  chorda :  no  secretion. 
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(2)      3.7.      Stimulate  chorda  c  =  5  :  no  secretion. 

16"  each 


15''  each 


3.13.     0.1.4.2.2.i.0.0.0.0.0.0.i.l.2.2.1J.i.2 


Hy. 
c=7 


Ch. 
c=5 


By.c=7 


15"  each 


1.^.1.0.0.0.0.0.0.^.2.3.2.1^.^.0 


Ch. 
c=6 


Sy.c  =  7 

(.^)    3.29.     0  .  1  .  1 J  .  5  .  1  .  3  .  3i  .  IJ  .  1  .  3  .  1  .  0  .  1  .  5J  .  3  .  J 

Ch] 


By.  Sy.  Ch.  By. 

Dissect  out  gland,  find  one  largish  gland  vein  opening  into  lower  branch 
of  jugular,  ligature  jugular  on  either  side  of  this,  tie  in  a  cannula  and  collect 
blood  in  a  tube  graduated  in  cubic  centimetres. 

y\o\y  tiiknn  each  minuto  unless  otherwise  mentioned.  At  each  vertical 
line  thcra  was  a  pause. 


Rise  of  Saliva    0.0.0.0.0.0 
Flow  of  Blood    3  .  3  .  2i  .  2i  .  21  .  7^ 
in  '5  C.C.  Q^ 


0.0.0.2.8.1.3.7.1 
2J.  4J.  3.  IJ.  IJ.  2.  1.  2.3 


Ch. 


Sy. 


Sy. 


30"  16"  16"  80"  30" 


O.O.O.O.J.J.l.J.  i  .  0 

0.0.0.0.0 

0  .  0 

4  .  C  .  0  .           J          .  2  .  2^  .  2i 

2  .  81  .  3i  .  3  .  2J 

2  .  2 

Ch.                   By. 

Ch.           ♦ 

80"  30" 
O.O.O.O.H.  2  -i 

3.5.7.      1      .  2J  .  2 

Ch.            By. 

Inject  into  oppofuto  jngnlar  '6  o.c.  pilocarpin  *2  p.c. 


EXPERIMENT  XII.   (6). 

Atig.  21, 1888.  Dog.  For  beginning  of  experiment  see  p.  326.  5  mgrms. 
of  atropin  wei*e  injected  afler  pilocarpin. 

Stimulation  of  the  synii)athctic  gives  a  scanty  secretion  from  the  sub- 
maxillary gland,  and  this  is  not  increased  by  previous  stimulation  of  the 
chorda  tympani.     Arrange  to  measure  blood  flow  from  the  gland. 

4.23.     Blood  flow  from  gland  in  \  c.c.  every  30  sees. 
1 J  .  10  .  6J  .  3  .  i  .  J  .  I .  i  .  1  .  1  .  1 

ciT  By. 
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4.30.     Blood  flow  in  5  CO.     2  .  9  .  9| .  3^  .  1  .  ^  .  | .  - 
Saliva  in  mm.  0.0.  0  .  0  .1.3.2.0 

Ch.  ByT 

In  both  of  these  experiments  the  blood  flow  is  considerably  increased 
by  stimulating  the  chorda  tympani ;  in  the  latter  the  rate  of  blood  flow 
is  increased  five  times,  yet  this  causes  little  or  even  no  increase  in  the 
amount  of  the  sympathetic  saliva  secreted  immediately  afterwards. 
Hence  the  increase  of  sympathetic  saliva  which  normally 
follows  stimulation  of  the  chorda  tympani  cannot — except  in 
small  part — be  due  to  the  action  of  its  vaso-dilator  fibres, 
but  must  be  due  to  the  action  of  its  secretory  fibres. 

Bradford*  in  a  recent  paper  comes  to  a  similar  conclusion  with 
regard  to  the '  occasional  sympathetic  saliva  seen  after  previous  stimula- 
tion of  the  cerebral  nerve ;'  it  is  he  thinks  *  probably  due  to  changes  in 
the  glaud  cells  or  gland  nerve  cells  produced  by  the  antecedent  stimula- 
tion/ In  connection  with  this  he  says  that  I  explained*  the  parotid 
secretion  which  I  obtained  in  the  dog  after  stimulation  of  Jacobson's 
nerve  as  being  the  result  of  vascular  dilatation.  This  is  an  oversight  on 
his  part.  I  expressly  stated  that  I  reserved  the  working  out  and  tlio 
discussion  of  the  effects  of  blood  flow  on  both  the  sub-maxillary  and  on 
the  parotid  gland  for  a  later  and  fuller  communication.  I  knew  in  fact 
from  the  action  of  atropin  that  a  part  of  the  increase  in  the  effect  of 
stimulating  the  sympathetic,  produced  by  previous  stimulation  of  the 
cerebral  nerve,  was  due  to  the  secretory  and  not  to  the  vaso-dilator 
fibres  of  the  latter.  And  in  the  following  month  I  published'  an 
account  of  an  experiment  in  which  a  dose  of  atropin,  which  has  vory 
little  influence  on  the  vaso-dilator  fibres  of  the  chorda  tympani,  deprived 
the  chorda  tympani  of  much  the  greater  part  of  its  influence  on  the 
secretion  of  sympathetic  saliva. 

A  point  which  is  not  shown  in  the  experiments  given,  but  which  I 
havo  observed  in  all  the  cases  tried,  is  that  atropin  does  not  abolish 
the  increased  irritability  of  the  gland  which  is  produced  by 
stimulating  the  chorda  tympani  before  the  injection  of  atro- 
pin; thus  if  the  chorda  tympani  be  stimulated  and  then  atropin  given 
in  sufiicient  dose  to  completely  paralyse  the  secretory  fibres  of  the 
chorda,  stimulation  of  the  sympathetic  produces  a  fairly  plentiful  flow  of 

1  This  Journal,  Vol.  ix.  p.  287,  October  1888. 

*  Proe.  Physiol,  tSoc.,  Febrnary  1888. 

3  This  Journal,  Vol.  ix.  p.  58,  March  1888. 
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saliva  as  if  atropin  had  not  been  given.  On  repeating  the  stimulation 
of  the  sympathetic  two  or  three  times,  the  amount  of  saliva  obtained 
rapidly  falls,  and  it  cannot  then  in  any  way  be  notably  increased 
(cp.  also  p.  324). 

We  may  here  say  a  word  or  two  about  the  effect  which  variations  of 
blood  flow  have  upon  the  secretion  of  the  salivary  glands. 

(a)  When  the  secretory  fibres  are  being  stimulated,  an  increase  of 
blood  flow  up  to  a  certain  limit  increases  the  rate  of  secretion.  This 
has  been  shown  by  Hcidenhain'  in  the  case  of  the  chorda  tympani. 

Whi»n  Kuni(!i<!ht  pilo(%'irpin  ih  injocttMl  into  tlio  vein  of  an  aninial,  a 
stago  IS  obtained,  as  1  have  shown',  in  which  further  injection  of 
pilocarpi n  causes  little  or  no  increase  in  tlie  rate  of  secretion.  In  this 
stage  the  secretion  is  slow,  and  is  only  slightly  increased  by  stimulating 
the  chorda  tympani.  I  take  the  secretory  fibres  of  the  chorda  to  be 
stimulated  to  or  nearly  to  their  maximum  extent,  and  the  slight  increase 
wirnh  occurs  on  stinudathig  the  chorda  tympani  to  be  chiolly  due  to  the 
increased  blood  How". 

Similarly  I  should  explain  many  instances  of  increased  secretion 
which  are  obtained  on  stimulating  the  chorda  tympani  after  the  sympa- 
thetic in  an  atropinised  animal.  The  sympathetic  secretion  may  have 
become  very  slow,  but  start  again  as  the  blood  flow,  owing  to  stimula- 
tion (»f  the  chortla,  increases  (cp.  Exp.  11.  (/>),  No.  2,  p.  30().) 

(/»)  A  consideniblo  decrease  of  bloixl  How  decreases,  in  proportion  to 
its  contiiniance,  the  irritability  of  the  gland,  when  the  blood  flow  becomes 
normal  the  irritability  returns  to  normal  in  a  tin)e  depending  on  the 
duration  of  the  previous  decrease  in  the  blood  flow;    the  return  to 


1  Studien  des  phyiioL  IiutihUs  zu  DralaiA,  Hft.  it.  18G8,  p.  06. 

s  TIiiH  JounirtI,  Vol.  I.  p.  80C,  1878. 

'  (J  ley  {ArchivfH  dc  phijMoL  mtrm,  et  juith.  IHHI),  p.  151)  in  llio  ronrw  of  an  Account  on 
Bonio  ol>8t!rvaliou8  on  Rccrotion,  states  that  whon  5  to  10  mgrmfl.  of  pilocarpin  arc  injocti*d 
into  Iho  pleural  cavity  of  a  dog,  stimulation  of  tho  chorda  tympani  will  causo  little  or  no 
iucns'isc!  ill  the  sccrctiun  as  long  as  it  is  ahiindant.  lie  quotes  me  as  saying  {Jmmial  of 
Anatomy  and  Physiology ^  Vol.  ix.  187C)  that  stimulation  of  the  chorda  causes  an  increase 
in  all  stages  of  the  pilocarpin  secretion.  The  (quotation  is  perfectly  correct  as  far  as  it 
goes,  hut  my  statement  was  only  for  tho  case  of  an  amount  of  pilocarinn  not  much 
roniovi.'d  from  minimal;  1  pointed  out  that  hy  roiicating  tho  injection  several  tiuiuH  a 
stage  wan  reached  in  which  stimulation  of  the  chorda  had  a  very  slight  effect  on  the 
snlivA.  Soincwhut  hitor  in  rcturnhig  to  tho  suhjcct  (this  Jonnuil,  Vol.  i.  1878,  p.  339)  I 
giivc  Rovoriil  iiiHlancoH  in  tho  cat,  in  which  stiumlatiou  of  tho  chorda  produced  little 
or  no  ulTcct,  both  during  the  rapid  pilocarpin  secretion  at  the  beginning  of  an  exix;riment 
witli  A  small  amount  of  pilocarpin,  and  during  a  slow  pilocarpin  secretion  at  the  end  of  an 
experiment  with  a  larger  amount  of  pilocarpin. 

PH.  X.  22 
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normal  irritability  is  quicker,  if  the  blood  flow  bo  increased  above 
noimal. 

Heidenhain'  has  shown  that  the  irritability  of  the  sub-maxillary 
gland,  Le.  either  of  its  nerves  or  of  its  cells,  is  injured  for  a  considerable 
time  by  stopping  or  by  greatly  reducing,  for  about  five  minutes,  the 
flow  of  blood  through  it.  Since  stimulation  of  the  sympathetic  larj;(ily 
reduces  the  blood  flow  through  the  gland,  protracted  or  repeated 
stimulation  of  it  should  produce  an  effect  like  though  less  than 
that  produced  by  compressing  the  arteries  in  Heidenhain's  experi- 
ments. 

We  have  seen  (p.  297)  that  the  increased  irritability  brought  about 
by  stimulating  the  chorda  tympani  is  soon  abolished  by  stimulation  of 
the  sympathetic.  Again,  when  a  secretion  is  produced  by  i)il()carpin, 
stimulation  of  the  sympathetic,  if  not  too  brief,  leaves  an  after-action 
such  that  the  secretion  only  slowly  regains  its  previous  rate.  The  time 
required  for  the  secretion  to  regain  its  rate  is  apparently  longer  than 
that  required  for  the  vaso-constrictor  effects  to  pass  off.  Some  instances 
of  this  I  have  given  in  an  earlier  Paper  on  the  effect  of  pilocarpi  u  on 
the  salivary  secretion  in  the  cat.  A  more  striking  instance  in  the  dog 
is  given  below  (p.  320). 

It  is  natural  to  suppose  that  a  decrease  in  irritability  brought  about 
by  a  lack  of  blood  should  disappear  the  more  quickly  the  more  copious 
the  subsequent  supply.  And  I  attribute  the  effect  of  stimulating  the 
chorda  tympani  in  Exp.  II.  (b)  in  the  main  to  a  restorative  effect  of  the 
greater  flow  of  blood  thereby  caused.  The  increase  in  the  sympa- 
thetic secretion  obtained  in  this  manner  differs  from  the 
'augmented'  sympathetic  secretion,  in  that  the  increase  is 
not  chiefly  at  the  beginning,  but  is  either  fairly  equally 
distributed  throughout  the  whole  period  of  secretion,  or 
even  affects  least  the  earliest  period. 

It  deserves  mention  that  according  to  Bradford  a  single  stimulation 
of  the  sympathetic,  even  when  pro<lucing  no  secretion,  considombly 
diminishes  the  amount  of  saliva  obtained  by  the  subsotiucnt  chorda 
stimulation.  My  experiments  on  this  point  have  been  confined  to  the 
cases  in  which  stimulation  of  the  sympathetic  produces  a  secretion.  I 
find  that  sympathetic  stimulation  may  or  may  not  decrease  the  amount 
of  saliva  obtained  by  quickly  following  chorda  stimulation.  The 
result  depends  upon  the  strength  and  duration  of  both  stimuli.  The 
depressing  action  when  it  occurs  soon  disappears.     Some  of  the  results 

»  Op.  cit,  p.  90. 
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arc  curious.  I  propose  giving  an  account  of  them  in  a  later  Paper. 
I  am  unable  to  agree  with  Bradford  in  thinking  that  the  sympathetic 
produces  any  special  action  upon  the  gland  in  consequence  of  which 
the  chorda  saliva  is  decreased.  Whatever  action  it  may  have  in  this 
direction — after  from  exhaustion  accompanying  secretion — I  attribute 
to  the  action  of  its  vaso-motor  fibres^  since  with  properly  adjusted 
stimuli,  simultaneous  stimulation  of  the  chorda  and  the  sympathetic , 
gives  a  more  plentiful  secretion  than  does  stimulation  of  the  chorda 
alone.     Details  with  regard  to  this  I  shall  give  in  a  later  Paper. 

Effect  of  atropin  whm  given  in  quantity  not  quite  sufficient  to  paralyse 

the  secretory  fibres  of  the  chorda  tympani, 

I  have  spoken  above  of  a  preliminary  stage  in  the  action  of 
atropin  in  which  the  secretory  power  of  the  chorda  tympani  is  reduced 
to  a  much  greater  degree  than  is  its  augmenting  power  on  sympathetic 
Siiliva.     This  I  liavc  only  observed  twice. 

EXPERIMENT  III.    (6). 

Jatu  5, 1888.   Large  d<tg.   For  the  beginning  of  the  experiment  see  p.  295. 

2.44.     Inject  into  branch  of  jugular  1  cc.  of  '5  p.c.  atropin  sulphate. 
Ilio  atropin  Kolutiou  wiis  not  fn'JihIy  niudo  and  was  probably 
of  less  than  its  nominal  value. 
(1)     2.46.     Rise  of  saliva  every  30  sees,  unless  otherwise  mentioned. 

60"  60"  60" 

ly  .  4  .  3  ."F.'i".  1  .  J  .  1  .  4  .  3  .  1^  .  I J  .  1  .  1  .  I  .  IG 

Ch.  Ch.  Syl 

4.1.^    .  J  .  i  .  0  .  0  .  0  .  0  .  14  .  4  .  3  .  6  .  3  .  5  .  2J .  .V .  2 


Inject  1 0.0.  Oil.  By.  Sy.        Sy.  Ch. 

*5  p.o.  atropin 

llj.  1  .  J.  2J.  3.  IJ.  1^.  1  .  1  .  1  .  1  .  ^.  1  .  ^.  1.0.18 

SyT  Cli.  Clamp  Ch!  "Sy! 

trachea  tabes 


*  AproiK>H  of  tliiH  l^radfoixl  quotes  mo  as  sayuig  (Tliis  Jtmrtia/,  Vol.  1. 1878,  p.  101) 
that  in  tho  cat  Bimultancous  Btininlation  of  tho  chorda  and  of  the  Ryinpathotic  ahmyH 
cauHOfl  a  greater  secretion  than  is  obtained  by  stimulating  the  chorda  alone.  I  stated 
this  to  be  the  case  when  the  stimuli  were  not  far  removed  from  minimal;  but  stated 
also  that  when  the  stimuli  are  strong,  simultaneous  stimulation  gives  less  secretion  than 
that  obtained  from  tho  chorda  alone. 

22—2 
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Inject  1  C.C.  •.'ip.c.  atropin. 
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A  similar  result  was  obtaino<l  at  the  end  of  Exp.  VITT.  (p.  321). 

About  1*8  C.C.  of  atropin  sulphate,  nominally  '5  p.c.  (the  same  solution 
as  that  used  in  Exp.  III.  (6)),  were  injected  ;  the  chorda  stimulated  for  a  minute 
pive  no  appreciable  secretion,  but  considerably  increased  the  amount  of  saliva 
obtainable  by  stimulating  the  sympathetic. 

It  will  be  seen  from  tbo  alx)ve  experiment  tbat  after  a  certain 
doso  of  atropin,  stimulation  of  the  chorda  tympani  altlioiigii 
j^iving  rise  to  little  if  any  secretion  of  saliva  yet  <-<ui- 
siderably  increases  the  amount  of  the  suhsiMiueuL  sympa- 
thetic saliva,  and  may  do  so  about  as  much  as  it  does  normally,  ie. 
when  it  produces  a  copious  secretion.  This  is  clearly  shown  in  the 
following  extract  from  Exp.  III. 

Extract  F. 


Exp.  III.  (a) 

.     Bi^fore 

atropin. 
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Nerve  stimulated 

ohorda 

chorda 

ohorda 

symp. 

symp. 

When  I  first  observed  this  effect  I  was  inclined  to  attribute  it  in 
great  part  to  the  increased  blood  flow  through  the  gland  increasing  the 
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irritability  of  the  gland.     But  a  little  later  in  writing  an  account  of  the 
action  of  atropin  u]K)n  the  chorda  tympaiu^  I  had  occasion  to  ])oint 
out  that  it  wa.s  not  easy  to  determine  the  exact  time  of  paralysis  of  the 
secretory  fibres  of  the  chorda,  since,  amongst  other  reasons,  the  cliorda 
may  give  a  slight  secretion  on  the  second  or  third  stimulation,  although 
it  does  not  on  the  first  stimulation.     And  this  naturally  suggested  that 
the  cases  in  which,  after  atropin,  the  chorda  augmented  tlie  subsequent 
sympathetic  saliva,  though  itself  causing  little  or  no  secretion,  the  effect 
nii^rht  bo  (hie  to  llu)  remaining  irritability  of  the  secretory  fibres  rather 
than  to  the  increase  of  blood  flow.     This  I  take  to  be  the  explanation. 
It  does  not,  it  is  true,  seem  probable  d  priori^  that  a  nerve  which  on 
maximum  stimulation  gives  at   most  a  very  slight  secretion   should 
nevertheless  be  able  to  increase  the  irritability  of  the  gland  to  such  an 
extent  that  the  amount  of  secretion  obtained  by  stimulating  another 
lUMve  is  considerably  increased.     The  following  considerations  however 
fell  strongly  in  favour  of  this  actually  occurring.     It  is  clear  that  at  a 
certain  stage  of  atropin  poisoning,  stimulation  of  the  chorda,  with  what- 
ever strength  of  shocks,  causes  but  a  slight  stimulation  to  the  gland ; 
and  it  is  po^ible  that  <at  a  little  further  stage  stimulation  of  the  chorda 
may  increase  the  irritability  of  the  gland  without  actually  producing  a 
secretion.     In  some  experiments  made  on  the  cat*  I  found  not  infre- 
(pieutly  that   stimulation   of  the   chorda  or  of  the  sympathetic  with 
minimal  stimuli  produced  a  groiiter  secretion  if  the  other  nerve  were  at 
the  same  time  stimulated  with  shocks  which  were  a  trifle  less  than  the 
minimal  shocks  capable  of  producing  a  secretion,  and  this  may  fairly 
be  interpreted  as  meaning  that  sub-minimal  stimuli  may  increase  the 
irritability  of  the  gland.     I  found  also  in   the  few  experiments  tried 
on  the  point  that  a  minimal  stimulus  increased  the  effect  of  a  sub- 
soipieiit  minimal  stimulus.     ]]radford,  apparently  without  knowing  of 
the  above,  luis  made  some  observations  of  a  similar  nature  in  the  dog; 
he  has  found  that  often  at  the  beginning  of  an  experiment  a  stimulus 
ineffective  the  fii*st  time,  might  beconie  so  on  repeating  it  three  or  four 
times,  and  that  when  a  secretion  was   obtained  the  stimulus    might 
be  made  weaker  and  yet   still  cause  a  secretion.     I  have  also  often 
observtul  at   the  beginning   of  an  expiirinient,  or  after  a  h>ng  jKiuse, 
thai  the  minimal  elfective  stimulus  for  the  chorda  diminished  somewhat 
as  soon  {is  a  secretion  was  produced. 

Another  observation  of  Bradford's  which  bears  on  this  point  is, 

»  This  Joxmuil,  Vol.  ix.  p.  65,  1888. 
a  Tliis  Journal,  Vol.  i.  p.  103,  1878. 
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I  think,  that  as  a  rule  stimulation  of  tho  chorda  tympani  with  shocks 
not  exceeding  five  a  second,  or  with  sub-minimal  more  rapid  shocks, 
causes  little  or  no  secretion  but  does  cause  a  considerable  electrical 
eflFect  (second  phase)  in  the  gland. 

All  this  goes  to  show  that  a  stimulation  of  the  chonla  which 
produces  no  secretion,  or  a  very  slight  one,  may  yet  produce  an  ap- 
preciable effect  upon  the  ghind. 

That  the  increased  irritability  of  the  gland  is  not  due  to  the 
increased  blood  flow  is  also  indicated  by  the  fact  that  the  additional 
amount  of  atropin  sufficient  to  prevent  the  increase  of  irritability  on 
stimulating  the  chorda  tympani,  is  not  sufficient  to  make  any  con- 
siderable difference  in  tho  increased  amount  of  blood  which  will  flow 
through  the  gland  on  chorda  stimulation. 

Effect  of  obstructing  for  some  time  the  oviflow  of  blood  from 

the  gland  vein. 

In  the  following  experiment  the  effect  of  injuring  the  irritability  of 
tho  gland  by  interfering  with  the  outflow  from  the  gland  vein  is  shown. 


EXPERIMENT  VII. 
SiviullaneoHS  sUmiUaliati  of  cluirdii  aiid  sympaUieMc,     Saliva  aiul  Motnljlou), 

OcL  3,  1888.  Dog.  Weight  15  kilos.  4  c.c.  5  p.c.  morpliia  injiHjtwl 
su1>cutaneously.  A  largo  gland  vein  opons  into  tiic  lower  bnuicli  of  tlio 
jugular,  and  a  small  one  into  the  upper  branch.  Lower  branch  of 
jugular  tied  for  about  20  minutes.  Chorda  and  sympathetic  placed  on 
protected  electrodes,  and  covered  up.  Inject  into  cniral  vein  40  cc.  10  p.c. 
peptone.  Cannula  tied  in  lower  branch  of  jugular  (into  which  large  vein 
of  gland  oi>enR),  branches  of  jugular  except  gland  vein  being  ligatured ; 
cannula  connected  with  a  bui*ette  graduated  in  cc.  IJlood  and  B:iliva  ilow 
taken  each  30  sees. ;  at  times  the  flow  could  not  be  taken  since  one  or  other 
of  the  tubes  reqiured  to  be  emptied,  this  is  indicated  below  by  '  empty.' 

Ch. 
c=«-6  Ch.  Ch. 

(1)      1.3.      Saliva  flow  in  mm.  q  .  0  ."To".  5  .  3  .^  .  6  .  2  .  2  .  2  .  33 

of  tubing 
Blootl  flow  in  cc.    -5  .  G  .  31  .  -9  .   1  .  13 .  1  .  -4  .  -4  .  -4  .    -1 

c=6 
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.      Ch. 
Ch.  c=6  Ch. 


6  .  24  .  3  .  2  .  1  .  25  .  3  .  1  .  empty  .  1  .  12  .  2.1.0.  1 
•7  .   -2  .  -7  .  -3  .  -2  .   -1  .  -4  .  1  .      -1      .  -2  . 1-6  .  -1  .  0 .  0 .  -1 

c  =  9     c=8 
Ch.  Ch. 


8.1.      4     .1.4.:i4.9.9.8.7.7.3.1.2.0 
1.1.     0     .  0  .  0  .  0  .  0  .  0  .  0  .  0  .  0  .  -3  .  -3  .  -3  .  -I 


8y.c  =  7  by.  c=6-6 

TIio  hlood  in  tiie  burette  had  become  very  thick,  ofieriag  great  resistanco 
to  tlio  flow  of  blood. 

Ch.  Ch. 

c=8        c  =  7  Ch.  Ch. 


(2)    1.43.     0.  5.  1  .  6    .  1.15.  20.15.  2  .  1    .0.0.  25.72.11.  11 
•5  .  3  .  -7  .  1-8 .  -5 .  0  .  0  .  -8  .  empty  .1.1.  4-3 .  -2  .  -9  .  -9   . 
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By.  c=7  By.c=B 

Ch.  c=6  Oh. 


122  .  100  .  20  .  empty .  28  .  17  .  26  .  130 

2-6  .  1-8  .  -6  .      0     .0.0.0.0    clot  in  cannula 

Sy.c=U  SyT  SyT 

*  The  chorda  was  here  rearranged  on  the  electrodes. 
Ch.  Ch.  Ch. 


(3)    2.4.       4.4    .130.  23.  62.  empty.  5.32.98.15.14.   6 
1-4  .  1-5  .  51  .  1-2  .  3-3  .    1-9     .   6  .   -1  .  2  .    8  .   0  .  -1 


By.  By.  By. 

(4)     Inject  4c.c.  '1  p.c.  atropin  sulphate  (i.e.  4  mgrms.)  into  crural  vein. 

Ch.  Ch. 

2.15.       0  .    3  .0.0.6.2.  0.1.  1  .  3 
4-6 .  2-3 .  -6  .  -4  .  -1  .  0  .  -6  .  -9  .  -3  .  0 


By.  Sy.  By. 

c=8 


Hero  there  are  two  noteworthy  results.  In  the  first  part  of  tlie 
experiment,  the  gland  has  not  recovered  from  the  injury  previously 
iuilicted  by  preventing  the  outflow  of  blood  from  the  chief  gland  vein. 
In  this  state  stimulation  of  the  chorda  produces  very  little  secretion, 
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and  further,  although  increasing  considerably  the  blood  flow,  augments 
little  if  at  all  the  sympathetic  secretion.  The  same  result  was  obtained 
in  one  other  similar  experiment  tried.  Hence  then,  when  the  irri- 
tability of  the  gland  is  greatly  diminished  by  interference 
with  the  blood  flow  through  it,  stimulation  of  the  chorda 
tympani  may  very  slightly  augment  the  subsequent  sympa- 
thetic saliva. 

A  second  result  to  notice  is  that  simultaneous  stimulation  of 
the  chorda  and  sympathetic  produces  a  greater  secretion  than 
the  sum  of  the  secretions  produced  by  separate  stimulation. 
This  is  the  more  remarkable,  since,  as  has  just  been  pointed  out, 
stimulation  of  the  chorda  docs  not  incnuisc  the  amount  of  saliva 
obtained  by  subsequent  sympathetic  stimulation.  Putting  the  two 
results  together  it  would  appear,  that  in  a  certain  state  of  greatly 
diminished  gland  irritability,  stimulation  of  the  chorda 
tympani  increases  the  irritability  of  the  gland  during  the 
stimulation  for  impulses  reaching  it  by  the  sympatln^tic, 
but  this  increase  rapidly  disappears  after  the  cessation  of 
the  stimulus.  It  will  be  noticed  that  in  the  various  cases  just 
mentioned,  the  saliva  obtained  is  largely  independent  of  the  amount  of 
blood  flowing  through  the  gland. 

Another  stage  is  reached  later  in  the  experiment,  a  stage  like  the 
above  except  that  stimulation  of  the  chorda  augments  the  subsequent 
sympathetic  saliva.  The  secretory  power  of  the  chorda  and  it«  aug- 
menting power  on  the  sympathetic  saliva  rapidly  increase  and  the 
normal  condition  is  soon  obtained. 

Note  on  the  blood  flow  through  the  gland. 

In  the  preceding  experiments  some  of  the  variations  which  occur  in 
the  blood  flow  through  the  gland  are  given.  These  we  may  compare 
with  the  result  obtained  by  v.  Frey \  It  is  t*o  bo  noticed  that  the  normal 
blood  flow  through  the  gland  was  much  less  in  my  experimcats  than  in 
V.  Frey's,  chiefly  no  doubt  because  of  the  amount  of  anaesthetics  given. 
Further  in  my  experiments  albumoses  were  as  a  rule  injected;  this 
prevented  the  formation  of  a  Arm  clot,  although  it  did  not  always 
prevent,  especially  in  the  later  stages  of  an  experiment,  the  blood  flow 
becoming  very  thick  and  even  jelly-like ;  in  a  few  cases  only  however 
did  actual  clotting  in  the  vein  occur  even  when  the  flow  was  slowest. 

*  Ludwig's  Arbciteii,  Jahrg.  xi.  1870,  p.  89. 
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The  results  agree  in  nearly  all  points  with  v.  Frey's.  There  are  a  few 
wl)ich  oiTcr  a  sliglit  variation  from  his  or  which  were  made  in  a  some- 
what dilToreut  manner.  These  I  may  mention,  v.  Frey  pointed  out 
that  a  strong  stimulation  of  the  chorda  might  overcome  a  weak  stimu- 
lation of  the  sympathetic.  This  occurs  within  much  wider  limits  of 
sympathetic  stimulation  in  my  experiments  than  in  y.  Frey'&  Thus  a 
sympathetic  stimulation  which  is  able  to  reduce  the  blood  flow  so  far 
that  it  nearly  ceases,  may  have  hardly  any  efifect  if  the  chorda  is  simul- 
tiineouxly  stimulated,  e.g.  in  Exp.  VII  (3). 

Extract  G. 


Stimulate 
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Further  v.  Frey  found  that  if  the  sympathetic  be  stimulated 
during  the  period  of  vascular  dilatation  caused  by  stimulating  the 
chorda,  the  constrictor  effects  were  apparent  during  the  stimulation  of 
the  sympathetic  only ;  this  does  not  seem  to  me  to  be  always  the 
case,  for  instance  in  the  following  from  Exp.  XII.  (h). 

Extract  H. 


niood  flow  in  each 
30  8008.  in  j^  CO. 
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It  is  possible,  though  I  do  not  think  it  is  probable,  that  the  apparent 
after-effect  of  stimulating  the  sympathetic  in  such  cases  may  have  been 
due  to  slight  clotting  taking  place  in  the  vein  which  was  only  gradually 
washed  away. 

There  is  some  evidence  also  that  when  the  chorda  is  stimulated 
soon  after  the  sympathetic  has  been  stimulated,  it  causes  for  30  to 
GO  seconds  a  less  increase  of  blood  flow  than  it  otherwise  would,  i.e. 
there  is  an  after-action  in  the  part  of  the  sympathetic  which  diminishes 
fur  a  time  the  effect  of  stimulating  the  chorda. 


318  J.  iV.  LANGLEY. 

Note  on  some  eotperimenU  by  Bradford. 

Bradford  in  a  recent  paper  upon  various  points  in  the  physiology 
of  the  salivary  glands  touches  upon  the  question  I  have  here  dealt 
with.  In  doing  so  he  apparently  considers  that  the  results  described 
in  my  preliminary  communication  had  their  origin  in  and  confirmed 
some  previous  results  of  his  own\  In  view  of  this  I  am  obliged  to  say 
that  neither  the  one  nor  the  other  is  the  case. 

Bradford's  results  were  as  follows: — In  two  cases  he  obtained  a 
copious  secretion  of  saliva  from  the  sub-maxillary  gland  of  the  dog  on 
stimulation  of  the  sympathetic;  in  one  case  he  obtained  a  scanty 
secretion  of  one  drop  of  saliva  from  the  parotid  gland  on  stimulating 
the  sympathetic.  Those  results,  as  he  points  out,  had  l)cen  noted  by 
other  observers.  Bradford  however  discussed  these  results  and  as  he 
did  not  observe  them  in  the  earlier  part  of  the  experiments  but  only 
after  repeated  stimulation  of  the  cerebral  nerve,  he  came  to  the  con- 
clusion that  they  were  probably  due  to  exhaustion  either  of  the  gland 
cells  or  of  the  peripheral  nervous  structures.  Ho  says  ''The  effect  is 
most  readily  obtained  in  an  exhausted  gland... In  the  case  of  the 
parotid  also,  it  was  only  after  repeated  excitation  of  the  tympanic 
plexus  that  stimulation  of  the  sympathetic  caused  the  scanty  secretion 
described  above;  so  that  here  too  it  is  apparently  a  question  of  ex- 
haustion." It  is  true  that  previous  stimulation  of  the  cerebral  nerve 
is  mentioned,  but  it  is  never  mentioned  as  producing  any  direct  effect, 
but  only  as  leading  on  frequent  repetition  to  exhaustion  of  the  gland. 
Since  the  result  was  not  always  obtained  I  accepted  it  as  one  of  the 
many  points  regarding  salivary  secretion  which  we  only  imperfectly 
understand. 

Some  time  afterwards  I  found  in  the  manner  I  have  already  men- 
tioned, that  sympathetic  stimulation  produced  invariably  a  greater 
secretion  than  normal  from  the  sub-maxillary  gland  for  some  time 
after  stimulating  the  chorda  tympani,  and  produced  invariably  a 
secretion  from  the  parotid  gland  for  some  time  after  stimulating 
Jacobson's  nerve.  In  writing  out  the  preliminary  account  of  this,  I 
turned  to  Bradford's  paper  to  compare  the  comparatively  free  secretion 
of  sympathetic  sub-maxillary  saliva  which  I  obtained  with  that  which 
he  had  described.  I  found  such  differences  between  the  two  that  I 
conchided  that  they  were  of  dilTerent  causation. 

Bradford,  as  has  been  said,  observed  a  copious  secretion  to  follow 
stimulation  of  the  sympathetic  in  two  cases,  in  one  of  these  the  details 

1  This  Journal,  Vol.  viiz.  p.  92,  1887. 
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arc  given.     This  I  may  reproduce  to  allow  of  a  comparison  with  the 
cxporiniciits  given  in  tills  paper. 

"In  the  first  case  the  sympathetic  was  being  stimulated,  and  was 
yii^Iding  i\a  usual  a  scanty  viscid  secretion  accompanieil  by  a  variation, 
indicating  the  surface  of  the  gland  to  become  positive  to  the  hilus. 
This  variation,  as  is  usual,  was  a  slow  one  and  was  rather  small; 
suddenly  the  galvanometer  indicated  a  large  first  phase  and  coincidently 
with  this,  a  rapid  and  copious  secretion  of  watery  saliva  occurred.''  At 
11.15  the  chorda  was  stimulated;  then  the  experiment  was  as  follows: 


Eleoirical  variation. 

OoiL 

Tiine. 

Nerve. 

Saliva. 

sign 

amount 

strength 

duration 

11. -20 

Byin|)allictic 

1*2  di'0|)8  viscid 

+ 

50 

80  mm. 

10" 

11. "J5 

>» 

2  drops 

4- 

80 

50  mm. 

10" 

11.30 
11.35 

12drops|   long 
>  latent 
14  diopHJ  period 

+  - 

+  - 

+  80  -  off 

scale 
+  50  -  off 

scale 

50  mm. 
50  mm. 

10" 
10" 

The  paragraph  quoted  above  implies  that  at  11.30  and  at  11.35  the 
Hocn^tion  started  txa  a  slow  secretion  causing  the  usual  +  electrical 
vivriatiou,  and  then  rapid  secretion  began,  producing  a  —  electrical 
variation.  It  is  not  quite  clear  that  this  is  meant,  but  if  it  is  it  con- 
Btitulcs  an  important  diircrenco  between  the  rapid  secretion  here  and 
the  rapid  sympathetic  secretion  which  I  describe,  for  this  never  begins 
with  a  slow  secretion  like  the  ordinary  sympathetic  saliva.  Apart  from 
this  there  are  two  differences  to  notice  (1)  that  the  first  and  second 
stimulations  of  the  sympathetic  produce  a  scanty  secretion,  and  that 
the  i-apid  secretion  is  produced  by  the  third  and  fourth  stimulations; 
(2)  that  the  latent  period  is  long  'much  longer  than  the  usual  one.'  I 
am  not  prepared  to  say  that  these  differences  may  not  be  due  to  some 
differences  in  the  manner  of  conducting  the  experiment.  It  is  possible 
that  his  results  have  the  same  causation  as  mine,  but  as  I  have  not 
actually  observed  a  secretion,  such  as  he  describes,  I  cannot  claim  to 
confirm  its  occurrence. 


The  Paiiotid  Gland. 

Stimulation  of  the  sympathetic  has  rarely  been  found  to  give  rise 
to  a  secretion  from  the  parotid  gland  and  still  more  rarely  to  give  rise 
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to  a  secretion  exceeding  a  few  drops.  An  account  of  the  earlier  ex- 
periments are  given  by  Hcidenhain*.  Eckhard*  in  no  case  observed 
a  secretion  to  follow  stimulation  of  the  sympathetic.  Navrocki'  obtained 
it  twice  out  of  numerous  experiments,  in  one  case  a  very  scanty  secretion 
was  obtained,  in  the  other  a  loss  scanty  secretion.  Meideuhain  also 
observed  twice  out  of  many  trials  a  scanty  sympathetic  secretion,  in  one 
case  two  drops  of  saliva,  in  the  other  three  wei*e  slowly  secreted. 

Since  it  was  possible  that  the  scanty  secretion  obtained  might  be 
simply  pressed  out  of  the  gland  by  the  contraction  of  the  surroun<ling 
muscles;  it  was  generally  assumed  that  the  sympathetic  contained  no 
secretory  fibres  for  the  parotid,  or  at  any  rate  very  rarely  contained  them. 

In  experiments  made  at  various  times  I  seldom  obtained  a  secre- 
tion ;  and  in  one  case  only^,  more  than  one  to  two  drops.  In  this  case, 
the  cerebral  secretory  nerve  was  not  cut,  but  the  high  percentage  of 
solids  in  it — ^for  enough  was  obtained  f«)r  analysis — showed  that  it  was 
not  saliva  such  as  is  obtained  on  stimulating  the  cerebral  nerve. 

Bradford*  observed  in  one  case  a  scanty  secretion  (1  drop  of  saliva) ; 
this  was  after  repeated  stimulation  of  the  tympanic  plexus  so  that  he 
was  inclined  to  attribute  the  result  to  oxhaust.ion  (cp.  above,  p.  31«S). 

In  my  preliminary  account  I  stated  that  for  a  short  time  atler 
stimulation  of  Jacobson's  nerve,  the  sympathetic  on  stimulation 
produced  without  fail  a  secretion,  and  I  gave  a  short  account  of  the 
chief  points  to  be  discussed  here. 

The  general  features  of  the  sympathetic  secretion  will  be  seen  from 
the  following  experiments. 

Method.  The  preliminary  arrangements  were  the  same  as  those 
already  given  for  the  sub-maxillary  gland  (p.  292)  except  that  Jacobson's 
nerve  was  laid  bare  by  breaking  through  the  tympanic  bulla.  Light 
was  reflected  into  the  cavity  by  means  of  a  mirror,  and  platinum 
electrodes  placed  on  the  bone  close  to  or  just  touching  the  nerve. 
As  will  be  noticed,  stimulation  in  these  circumstances  produced  a  very 
unequal  flow  at  different  times.  The  smaller  tubing  spoken  of  (p.  292) 
was  used  except  in  Exps.  Y.  and  XII.,  in  which  cases  a  medium  sized 
tube  (62}  mm.  corresponding  to  *25  c.a)  was  used.  In  the  following 
experiments  J  indicates  that  Jacobson's  nerve  was  stimulated. 

'  Heidenhain,  Arch,f,  d.  ges.  Phijaiol.  Bd.  xvn.  p.  28, 1878. 

'  Eckhard,  Ilenle  wul  Ffeuffer*8  Zeittchrift,  iii.  Iloiho,  Bd.  xxviii.  1800. 

'  Navrocki,  Shidien  ties  physioL  lustituUzu  Breslau,  lift.  iv.  1808,  p.  187. 

*  Thia  Jmmtal,  Vol.  ii.  !>.  207;  1871). 

»  This  JoimioL,  Vol.  viii.  p.  86,  1887. 
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EXPERIMENT  VIIL 

Sijmpathetic  secreUon/ram  paroHd  gland.     Effect  of  IS  mgrma.  atropin, 

Jan.  9,  1888.     Small  dog. 

Stimulate  sympathetic — no  secretion  from  parotid. 

1.52.     Rise  of  saliva  taken  each  30  sees. 

0.0.0.43.0.10.0.0.0.0.0.9.0.0.  2. 0.0. 0.1.0.0 

SyT      T"       T"  SJF.  SyT  SyT 

c  =  6-5  for  10" 

0.  0.0.0.0.  0 

Syi  S^ 

*  Greater  part  of  the  aeoretion  in  15  aeoonda. 

2.25.     14. 8. 0.0.  2. 0.0. 0.3. 0.0.  1.0. 0.0.  0.0. 0.0.  24 


J.  8y.  By.  Hy.  By.  J. 

1.8.1 

*  Shocks  weak,  barely  felt  on  tongue. 

2.47.     6.0.0.0.6.0.0.1.0.0.0.0 
T  By-  W'       W 

2.56.  Stiniulato  Jncobsou's  ncrvo — rise  of  19  mm.  Inject  into 
jugular  18  iiigrms.  atropin  sulphate.  After  this  neither 
stimulation  of  Jacobson's  nerve  nor  stimulation  of  the 
sym|>athetic  after  Jacob  son's  nerve  causes  any  secretion. 

EXPERIMENT  IX. 

Sympathetic  secretion  from  parotid, 

Jan,  11,  1888.     Small  dog.     Stimulate  sympathetic,  no  secretion. 
1.42.     Stimulate  Jacob  son's  nerve  till  lise  150  mm,  saliva. 

Rise  of  saliva  taken  each  30". 

1.50.     O.O.IJ. 0.0. 0.0. 0.0. 0.0. 0.0.0 

SyT         SyT        Syl  SyT  • 

c=C  c=4 

2.27.    0.54.  40. 3. 0.0.  12. 2. 0.0.0.  3.0.  0.0.  0.0.  28. 3. 2 


J.  J.  By.       By.       By.       J.         By, 

c=C     c=5 


0.0.  0 

«y^ 
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2.40.     0  .  22  .  65  .  85  .  G5  .  53  .  16  .  3  .  6  .  0  .  0 


J.  8y. 

2.47.     0.  64.81.62.43.25.8.4.2.  1.2.2.  1.1.  1  .  1  .1.  J.  i 

J, 
5'  4' 

J.  J. "Ol  7. 1.0.0.0.1. J. 0  ."o".  0.0.0 

EXPERIMENT  X. 

Si/mjxUJiefic  secretion  froni  jHiroiuL     Effect  of  atropin. 

Jan.  27,  1888.  Modinm  sized  dog.  With  scaliKsl  cut  tlacoliHon's  imtvo. 
The  same  coil  was  used  for  stiiiiuliiting  the  two  nerves,  o  =  6  gives  shocks 
fairly  felt  on  the  tip  of  the  tongue. 

Rise  of  saliva  taken  each  30". 

15' 
1.20.      0    .  0  .  0  .  0  .  0  .  35  .  14  .  1  .  3  ."o".  0  .  0 


Sy.c=()  J.     By.         Sy.        Hy. 

2.2.   31  .  76— pause  11  minut-os— 0  .  0.0.0.0.0 
J.  Sy.       "SyT 

2.20.  16  .  39  .  3  . 1 .  3  .  2  .  1  .  0 .  0 .  0 .  13  .  24  .  0 .  27  .  10 .  4 . 1 .  4  .  0 


J.        8y.   By.  J.c=6     Sy.  Sy.   J. 

e  =  5  for  5" 

25  .  5  .  0  .  7  .  1  .  26  .  3 


By.       J.     By. 

2.46.     59  .  10— iMiuBO  5  miuutos—  1  .  1  .  4  .  32  .  0  .  10  .  0 

jT"  By.c=6        j!  SyT 

3.8.      105  .  8 .  0*  .  0  .  5 


J.  Sy. 

*  Inject  5  mgmiB.  atropin  sulphate. 

No  further  secretion  obtained  by  stimulating  the  sympathetic  nor  by 
stimulating  it  afler  stimulating  Jacobson's  nerve.  Inject  12*5  and  then 
10  mgrms.  of  pilodarpin,  no  secretion  nor  on  stimulating  the  sympathetic. 
Stimulation  of  the  chorda  tympani  increases  very  slightly  the  subsequent  sub- 
maxillary sympathetic  saliva. 

In  these  three  experiments,  the  sympathetic  was  stimuhited 
17  times  within  a  few  minutes  of  obtaining  a  flow  of  saliva  by 
stimulating  Jacobsou's  nerve,  and  in  no  case  did  it  fail  to  produce 
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a  secretion.  And  in  half-a-dozcn  otbor  dogs  in  which  I  have  tried  the 
experiment  I  have  not  once  observed  the  sympathetic  to  fail  to  cause  a 
secretion  in  these  circumstances.  1  take  this  to  be  sufiicient  proof  that 
the  sympathetic  contains  secretory  fibres  for  the  parotid  gland  in  the 
dog,  as  it  is  known  to  do  in  other  animals  which  have  been  experi- 
mented on. 

The  sympathetic  secretion  thus  obtained  from  the  parotid  resembles 
closely  the  'augmented'  sympathetic  secretion  of  the  sub-maxillary 
gLind,  which  is  obtained  afler  stimulation  of  the  chorda  tympani, 
ilifTcring  from  it  chii^Oy  in  disappearing  after  a  time  entirely  insteiul 
of  simply  declining  to  a  minimum.  The  resemblance  will  be  made 
sufficiently  obvious — in  view  of  the  account  already  given  of  the  sym- 
pathetic sub-maxillary  secretion — by  stating  the  facts  with  regard  to 
the  parotid  secretion. 

The  sympathetic  produces  its  maximum  effect  the  sooner  it  is 
stimulated  after  the  end  of  the  secretion  furnished  by  Jacobson's 
nerve,  supposing  of  course  that  this  secretion  runs  its  normal  course 
and  ceases  soon  after  the  cessation  of  the  stimulus  to  the  cerebral 
nerve. 

The  weakest  stimulation  of  Jacobson's  nerve  capable  of  producing 
a  secretion  enables  the  sympathetic  to  cause  a  flow  of  saliva ;  whether 
a  stimulation  of  Jacobson's  nerve,  just  below  the  minimal  strength 
retjulred  to  cause  a  secretion,  can  produce  the  same  result  I  have  not 
yet  tried.  Prolonged  stimulation  of  the  cerebral  nerve  has  little  if  any 
greater  elfect  on  tlie  subseciuent  sympathetic  secretion  than  short 
stimulation,  provided  the  latter  is  strong  enough  to  cause  a  rapid, 
though  brief,  flow  of  saliva. 

On  successive  stimulation  of  the  sympathetic,  the  amount  of  saliva' 
obtained  rapidly  falls,  and  usually  after  three  stimulations  of  30 
seconds  each,  with  mcxlerately  strong  shocks,  no  further  secretion  results 
from  sympathetic  stimulation.  A  single  stimulation  may  be  sufficient 
for  this. 

If,  after  stimulation  of  Jacobson's  nerve,  an  interval  of  about  10 
minutes  is  left  before  the  sympathetic  is  stimulated,  it  produces  no 
secretion.  The  time  necessary  for  the  dying  out  of  the  effect  of 
stimulating  Jacobson's  nerve  no  doubt  varies  considerably  in  diirerent 
cases. 

The  secretion  reaches  its  maximum  rate  of  flow  almost  at  once, 
in  10  to  16  seconds  the  rate  is  usually  distinctly  slower  and  then 
continues  to  fall  more  or  less  rapidly.     The  latent  period  increases  with 
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successive  stimulations,  that  is,  the  latent  period  is  as  a  rule  greater 
the  slower  the  secretion. 

When  atropin  is  given  in  a  dose  sufficient  to  paralyse  Jacohson's 
nerve,  stimulation  of  the  nerve  no  longer  has  the  effect  of  enabling  the 
sympathetic  to  produce  a  secretion.  In  the  one  or  two  oxperinieiiU 
I  have  tried  on  the  point  I  have  failed  to  obtain  a  stage  in  which 
stimulation  of  the  cerebral  nerve,  when  just  on  the  point  of  paralysis, 
and  so  producing  little  or  no  secretion,  still  enabled  the  sympathetic 
to  produce  one.  This  stage  it  will  be  remembered  formed  a  striking 
feature  in  the  atropin  effect  on  the  chorda  tympani  (cp.  p.  311). 

In  Exp.  X.  there  is  some  indication  that  atropin  in  paralysing 
Jacobson's  nerve  docs  not  do  away  with  its  aflcr-efTcct,  injvsmucli  as 
the  sympathetic  gives  a  secretion  at  least  three-quarters  of  a  minute  alier 
injecting  6  mgrms.  atropin,  but  it  is  possible  that  in  so  short  a  time  Jacob- 
son's  nerve  was  not  paralysed.  In  Exp.  XII.  (a)  (p.  326)  matters  are 
clearer.  The  secretion  which  is  going  on  slowly  from  the  parotid  gland, 
and  at  a  fair  rate  from  the  sub-maxillary  gland,  is  stopped  in  about  half- 
a-niinute  by  the  injection  of  5  mgrms.  of  atropin,  yet  3|  minutes  after 
the  secretion  has  ceased  stimulation  of  the  sympathetic  pnuhices  a 
secretion  from  the  ])arotid  gland,  and  a  super-normal  Kccri'Uon  from  the 
sub-maxillary.  Hence  probably  when  the  excitability  of  the  glanil  is 
— in  consequence  of  stimulation  of  the  cerebral  nerve — increased  for 
stimuli  reaching  it  by  the  sympathetic  nerve,  atropin  whilst  paralysing 
the  cerebral  secretory  fibres  does  not  do  away  with  the  state  of  increiisod 
excitability. 

In  Exp.  X.  (p.  322)  the  injection  of  pilocar])in  aft.er  atropin,  alth(Mi<;h 
doubtless  causing  some  increase  of  blood  flow  through  the  gland,  did  not 
enable  the  sympathetic  to  produce  a  flow  of  saliva.  Although  it  was  a 
foregone  conclusion,  I  tested  in  this  and  in  other  experiments  the  vaso- 
dilator effects  of  Jacobson's  nerve  after  atropin  had  paralysed  its 
secretory  fibres  ;  there  was  a  flushing  of  the  gland,  although  less  mark(ul 
than  I  had  expected,  irence  increaso<l  bloiMl  How  through  the  «;l:uid 
does  not,  or  at  any  rate  does  not  necessarily,  change  the  ordinarily 
ineffective  sympathetic  stimulation  into  an  effective  one. 

Since  pilocarpin  produces  a  secretion  like  that  produced  by  stimu- 
lating the  cerebral  nerve,  it  seemed  to  me  probable  that  stimulation  of 
the  sympathetic  would  increase  the  secretion  brought  about  by  injecting 
pilocarpin.    And  this  proved  to  be  the  case. 
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EXPERIMENT  XI. 

Effect  of  siimidaihig  tJie  sympaUidic  on  ilie  pUocarpin  secretion  from  t/ie  parotid. 

Feb,  4,  1888.  Large  dog.  Parotid  duct  connected  with  small  graduated 
tubing.  10  mgrms.  pilocarpin  nitrate  injected  into  a  vein  some  time  previouslj. 
Sympathetic  stimulated  with  sec  coil  at  10,  this  gives  shocks  moderate  to 
tongue. 

2.33.     Kise  of  saliva  taken  every  30  sees,  except  when  mentioned. 

Ig^'  each 
13  .  U  .  12  .  12  .  13  .  U  .  12  .  11  .  11  .  12  .  35  .  7  .  3  .  0  .  0 

20  .  15  .  15  .  10 

16"   16"  16"  15"        15"  16" 

2.42.    20  .  17  .  18  ."33  .~.  2  .  5  .  20  .T".  0  .T.T".  0.7.7.0 

by.  Sy.  By. 

♦  16"  16" 

"27'."T.  2. 0.0. 0.0. 0.0. 6. 6. 5. 8.  10. 9.  empty  .  7 

16"   15" 

8.7.7  .  ST.T".  2. 1.6.  16. 1.0. 0.0. 10. 10. 8. 9. 7 

Hyl  By! 

Here  stimulation  of  the  sympathetic,  whilst  a  rather  slow  pilocarpin 
secretion  is  going  on,  increases  for  a  short  time  the  rate  of  flow  very 
considerably;  in  the  first  stimulation  it  increases  the  rate  about  six 
times  in  the  first  15  sees.;  in  the  second  15  sees,  the  flow  falls  to  nearly 
its  previous  rate ;  in  the  third  15  sees,  the  rate  is  about  half  the  normal ; 
and  in  the  fourth  15  sees,  there  is  no  secretion  at  all.  For  half-a- 
niinule  or  so  there  is  still  no  secretion,  and  then  it  begins  and  rapidly 
regains  or  it  may  bo  exceeds  its  normal  rate.  If  the  sympathetic  be 
stimulated  fur  a  shorter  period  so  that  the  secretion  is  not  stopped 
during  the  stimulation,  a  second  short  stimulation  after  a  brief  interval 
causes  an  increase  in  flow  less  than  the  first,  and  a  subsequent  greater 
fall. 

Whenever  the  pilocarpin  is  causing  a  secretion — not  too  large  a  dose 
of  pilocarpin  having  been  given — an  increase  in  the  secretion  can  be 
obtained  by  stimulating  the  sympathetic.  I  may  add  that  with  the 
sub-maxillary  gland  of  the  dog  the  same  holds,  and  that  in  this  case  the 
increase  obtained  is  greater  than  that  normally  obtained  by  stimulating 
the  sympathetic  (cp.  Exp.  XII.  (a)  below). 

Pli.  X.  23 
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Since  stimulation  of  the  sympathetic  so  rapidly  stopped  the  pilo- 
carpin  secretion  from  the  parotid,  it  seemed  desirable  to  ascertain  for 
how  long  it  co\ild  cause  this  result.  From  observations  I  had 
previously  made  on  the  effect  of  stimulating  the  sympathetic  (and  the 
chorda)  upon  the  pilocarpin  secretion  from  the  sub-maxillary  gland  of 
the  dog^  and  tlie  cat',  it  appeared  to  me  that  the  restraining  oiTect  upon 
secretion  was  in  these  cases  much  less  than  in  the  case  of  the  parotid  of 
the  dog.  Hence  I  made  the  following  experiment  in  which  the  flow  of 
saliva  from  both  glands  was  noted. 


EXPERIMENT  XII.   (a). 

Effect  of  iympaihetic  tUmuUUion  on  the  pilocarpin  eeeretion  from  parotid 

a/nd  auh-maxillary  glands, 

Aug,  21,  1888.  Dog.  12|  kilos.  Inject  pilocarpin  nitrate.  Rise  of 
8aliva  in  tlio  tubes  connected  witli  the  ducts  takon  every  30  sees.  Seb.  vo\\  at 
8  gives  shocks  fairly  strong  to  tongue. 

2.25.    Sub-maxillary    24  .  25  .  24  .  25  .  23  .  23  .-.  25  .  U  .9.3.2.1.0 
Parotid  6.6.4.6.5.4.5.5.9.2.0.0.0.0 

By.  <=8 

Sub-maxiUary    0  .  0.  1  .  3  .  11 .  19  .  29  .  32  .  32  .-.  30.  32  .  29  .  29 
Parotid  0.0. 0.0.0.0.1.2.2.2.3.4.4.5 

Sy.c=8 

Sub-maxillary     27.  51. 4. 1.0. 0.1.  1.1. 1.2.  1.1. 1.0. 0.1.0 
Parotid  6    .14.3.1.0.0.0.0.0.0.0.0.0.0.0.0.0.0 

Sub-maxillary     1.0.    0.  -  .  5  .  7 .  10 .  12  .  16  .  18  .  21 .  22  .  21  .  23 
Parotid  0.0.-2.-1.0.  0.0.0.0.0.1.1.1.1 

Sy.c=7 

Sub-maxiUary    23  .  21  .  20  .  18  .  -  .  25  .  25  .  24  .  21  .  23  .  19  .  20 
Parotid  1.2.1,1.1.1.1.1.2.1.2.2 

Sub-maxillary     15  .  3  .  0  .  0  .  0 .  -1  .  -2  .  -1  .  -1  .  25  .  1  .  1  .  0 
Parotid  1.1,0.0.0.    0.     0.     0.     0.5.0.0.0 

Inject  SyT 

5  mgriiiB, 
atropin 

>  Journal  ofAnat.  and  PJiytiol,  Vol,  xi.  p.  177,  1876. 
«  This  Journal,  Vol.  i,  p.  842,  1878. 
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After  ihis  stimulation  of  the  sjmpathetio  gives  no  secretion  from  the 
|Mirotid  and  a  scanty  one  only  fi*oni  the  sub-moxillary  gland. 
For  rest  of  experiment  see  p.  307. 

It  will  be  seen  that  on  stimulation  of  the  sympathetic  for  10 
minutes,  the  secretion  from  the  parotid  stopped  in  a  minute  and  a  half, 
or  less,  and  there  was  no  further  secretion  during  the  remainder  of  the 
stimulation,  Le.  for  8^  minutes.  Further  there  was  no  secretion  for 
three  minutes  after  the  end  of  the  stimulation,  and  lastly  that  when  the 
secretion  did  begin  it  was  distinctly  less  in  amount  than  previous  to 
the  stimulation. 

It  will  also  be  seen  that  in  the  sub-maxillary  secretion,  prolonged 
sympathetic  stimulation  produces  much  less  effect.  In  the  first  stimu- 
lation for  four  minutes,  it  is  true  that  there  is  no  saliva  for  the  last 
I^  minutes,  but  the  secretion  begins  within  half  a  minute  of  the  cessa- 
tion of  the  stimulus  and  soon  exceeds  the  rate  obtaining  previous  to  the 
stiniulatioii.  In  the  second  stimulation  of  10  minutes,  there  was  now  and 
then  no  appreciable  secretion,  but  it  can  hardly  be  said  to  have  definitely 
stopped ;  within  a  minute  of  the  cessation  of  the  stimulus  the  flow  of 
saliva  begins,  and  compared  to  the  previous  occasion  slowly  increases  in 
rate  up  to  about  that  obtaining  at  the  beginning  of  the  experiment, 
that  is  to  say — allowing  for  a  gradual  decrease  of  secretion  during  the 
experiment — to  a  somewhat  greater  rate  than  it  would  have  had  but  for 
the  stimulation. 

The  very  close  resemblance  between  the  effects  of  stimulating  the 
chorda  tympani,  upon  the  sympathetic  secretion  of  the  sub-maxillary 
gland,  and  the  effects  of  stimtilating  Jacobson's  nerve,  upon  the  sympa- 
thetic secretion  of  the  parotid  gland,  renders  it,  I  think,  certain  that  the 
same  cause  is  at  work  in  the  two  cases ;  and  we  may  conclude  in  general 
terms  that  the  sympathetic  secretion  obtained  from  the  parotid  after 
previous  stimulation  of  Jacobson's  nerve  is  due  to  an  increased  irrita- 
bility of  the  gland  produced  by  the  secretory  fibres  of  Jacobson's  nerve. 
I  am  inclined  to  think  that  in  all  cases,  the  sympathetic  causes  the  parotid 
to  secrete,  but  that  this  secretion  is  normally  so  thick  as  to  clog  up  the 
ductules  and  ducts.  At  any  rate,  stimulation  of  the  sympathetic  which 
has  caused  no  (low  of  saliva,  has  in  all  cases  which  I  have  examined 
been  accompanied  by  a  considerable  distension  of  many  of  the  ductules 
and  lobular  ducts  with  secretion.  If  this  is  so,  the  flow  of  saliva  which 
is  obtained  by  stimulating  the  sympathetic,  subsequent  to  stimulation 
of  Jacobson's  nerve,  would  be  due  to  the  saliva  being  more  dilute  and 
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so  offering  less  resistance  to  being  driven  out  of  the  gland.     I  am 
making  further  observations  on  this  point. 


Concluding  hemauics. 

Wo  have  seen  that  stimulation  of  the  cerebral  nerve  of  cither  the 
sub-maxillary,  the  sub-lingual,  or  of  the  parotid  gland,  increases  the 
irritability  of  the  gland  for  impulses  reaching  it  by  the  sympathetic 
nerve.  In  this  statement  the  phrase  '  increase  of  irritability '  is  used  in 
the  most  general  manner,  and  means  little  more  than  that  in  this  state 
the  sympathetic  with  a  given  stimulus  produces  a  greater  secretion 
than  normal.  The  phrase  in  fact  simply  states  the  result  and  does  not 
explain  it. 

It  does  not  seem  to  me  to  be  at  present  very  profitable  to  discuss 
the  matter  at  length,  for  to  do  so  involves  the  question  of  whether 
there  is  or  is  not  more  than  one  kind  of  nerve  fibre  in  secretory  nerves. 
And  there  is  to  my  mind  no  conclusive  evidence  either  one  way  or  the 
other.  But  although  a  discussion  of  the  question  is  as  matters  stand 
premature,  it  is  well  to  bear  in  mind  the  possible  explanations.  Besides 
those  which  involve  the  presence  of  different  kinds  of  nerve  fibres,  a 
possible  explanation  of  the  facts  here  given  is  that  the  chorda  tympani 
and  the  sympathetic  nerve  fibres  supply  different  gland  cells,  that 
when  either  nerve  is  stimulated  there  is  an  irradiation  of  impulses 
of  less  intensity  to  colls  in  the  noighbourhooil  of  those  directly  alVectcd, 
that  on  stimulation  of  the  chorda  tympani  the  cells  coimectod  with  it 
are  left  for  a  time  in  a  state  of  weak  excitation,  so  that  the  in-adiation 
of  impulses  reaching  the  gland  by  the  sympathetic  is  much  greater 
than  normal  and  these  irradiating  impulses  being  weak  lead  to  a  more 
fluid  secretion. 

This,  it  is  true,  involves  the  difficulty  of  the  way  in  which  an 
irradiation  of  impulses  can  take  place ;  an  irradiation  either  by  nervous 
structures  or  by  gland  cells — and  especially  perhaps  the  former — is  not 
very  easy  as  the  facts  stand  to  clearly  comprehend. 

Feh.  14,  1889. 
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THE  COAGULATION  QUESTION.  By  L.  C.  WOOL. 
DRIDGE,  M.D.,  D.Sc.,  Joii}Jt  Lecturer  on  Physiology  aiid  Assistant 
Physician  to  Guys  Hospital. 


Tlhc  te7T%bly  sad  evenly  tlie  ufUimely  decUfh  of  tlie  auOwr 
on  June  G,  by  which  Physiology  1ms  been  robbed  of  a  brigJU 
and  enthusiastic  inquirer^  has  laid  on  me  tJie  duty  of 
carrying  out  by  myself  the  final  revise  of  this  paper.  It 
had  already  been  revised  by  (lie  author ;  amd  I  have  en- 
deavoured to  make  as  few  dho/nges  as  possible. 

M.  FOSTER. 


In  a  paper  read  before  the  Royal  Society  in  April  1888,  and  recently 
in  this  Journal,  Dr  Halliburton  has  published  his  belief  that  the 
fibrin  ferment  is  a  cell  globulin,  and  also  a  somewhat  extensive  criticism 
of  my  work  on  coagulation. 

In  the  following  discussion  of  the  chief  points  which  Ur  Halli- 
burton has  raised  against  my  work  and  views  I  will  first  take  the 
last  point  handled  by  Dr  Halliburton  in  his  "criticism." 

An  important  feature  in  my  work  on  coagulation  is  the  production 
of  intravascular  clotting  by  the  substances  I  call  "  tissue  fibrinogens." 

As  an  explanation  of  this  intravascular  clotting,  Dr  Halliburton 
said,  in  his  Royal  Society  paper,  there  was  fair  reason  to  suppose  the 
solutions  of  these  substances  were  of  a  very  slimy  nature,  so  that  they 
would,  when  injected,  naturally  block  up  the  small  vessels  and  thus 
cause  coagulation;  just  as  an  iron  wire  will  cause  coagulation  when 
introduced  into  the  sac  of  an  aneurysm. 

PH.  X.  24 
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'  From  the  very  first  papers  I  had  published  on  this  subject  (1886)  it 
was  clearly  impossible  that  this  suggestion  could  be  correct,  and  in  the 
light  of  what  I  had  subsequently  published,  previous  to  Dr  Halli- 
burton's first  paper,  it  was  manifestly  out  of  the  question.  With  the 
greatest  case  Dr  Halliburton  could,  by  repeating  my  experiments, 
have  seen  whether  his  assertions  were  tnie  or  not.  This  ho  has  now 
done,  and  he  withdraws  his  observations  unreservedly. 

In  his  paper  before  the  Royal  Society,  Dr  Halliburton  stated  also 
that  I  had  spoken  of  a  substance,  B-fibrinogen,  in  my  abstract  of  the 
Croonian  lecture,  and  that  this  substance  had  disappeared  from  the 
paper  which  was  published  in  Ludwig's  FestscJirift  or  had  become 
identical  with  Hammarsten's  fibrinogen.  Now  since  a  large  part  of 
my  paper  in  Lud  wig's  Festachriji  was  devoted  to  describing  B-fibri- 
nogen, and  the  differences  between  it  and  Hammarsten's  fibrinogen, 
Dr  Halliburton's  assertions  were  quite  unintelligible  to  me. 

In  my  researches  on  coagulation  I  lay  great  stress  on  a  substance 
which  separates  from  peptonc-blood-plasma  on  cooling ;  I  call  it 
A-fibrinogen.  I  have  taken  the  greatest  and  most  conscientious  trouble 
to  investigate  this  substance,  and  I  regard  it,  and  I  am  sure  with  truth, 
as  of  the  greatest  importance  in  coagulation  processes.  Now  Dr 
Halliburton  plainly  indicated  in  his  first  paper  that  this  precipitate 
was  merely  an  albumose  mixed  with  the  peptone  injected  and  was  in  no 
way  a  constituent  of  the  blood.  The  principal  point  in  his  criticism 
was,  and  is  still,  that  solutions  of  Witte's  and  Grubler's  peptone  yield 
on  cooling  a  precipitate  of  rounded  granules.  I  pointed  out  that  the 
peptone  I  use  (Grubler's)  gives  no  precipitate  on  cooling,  and  it 
disappears  entirely  from  the  blood.  I  was,  of  course,  aware  at  the  time 
when  I  first  found  the  "  cold  body "  (A-fibrinogen)  that  peptone  (using 
the  word  as  a  generic  term)  had  been  obtained  in  rounded  granules 
(Schmidt-Mulheim),  and  also  that  other  proteids,  i.e.  vegetable  albu- 
men and  paraglobulin,  could  be  obtained  in  rounded  granules ;  for  I  had 
worked  for  a  long  time  at  Leipzig  at  crystallized  proteids,  the  firafc  stiip 
towards  crystallization  always  being  the  production  of  rounded  granules. 
The  mere  fact  that  A-fibrinogen  can  be  obtained  in  rounded  granules  is 
of  course  no  more  entirely  characteristic  of  it  than  would  the  statement 
that  a  body  was  crystallizable  suffice  to  distinguish  it  But  from  the 
very  first  there  could  be  no  doubt  that  this  substance  was  not  peptone. 
I  had  seen  it  for  a  long  time  before  recognizing  what  it  meant.  As  I  saw 
it,  its  appearance  was  precisely  similar  to  a  fibrinous  clot,  and  for  a  long 
time  I  thought  it  was  a  partial' coagulation  of  the  plasma  due  to  the 
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presence  of  leucocytes.  I  was  struck  by  the  fact  however  that  this  clot 
only  appeared  when  I  kept  my  plasma  overnight  in  ice  and  that  it  was 
absent  from  my  plasma  when  kept  in  the  warm  room.  Its  characters, 
both  chemical  and  physical,  and  its  influence  on  coagulation,  I  have 
described  in  detail,  in  my  papers  "Ueber  einen  neuen  Stoff,  etc."*; 
"On  a  new  constituent  of  the  plasma'";  in  Lud wig's  Festschrift,  and 
"Beitrage  zur  Frage  der  Qerinnung"'.  If  Dr  Halliburton  had 
suggested  that  A-fibrinogen  was  merely  fibrin  it  would  have  been 
intelligible  but  not  correct.  But  although  it  is  difficult  from  Dr 
Halliburton's  statements*  that  cooling  pcptoniscd  serum  and  other 
solutions  of  peptone  give  a  prccipit.ato  exactly  similar  to  that  of 
A-(ibrinogen  (Wooldridge),  and  that,  as  Neumeistor  has  shown,  the 
albumose  or  peptone  injected  "  exists  as  such  or  in  a  loosely  combined 
condition  in  the  blood  for  a  time,"  to  conceive  that  he  meant  or  means 
anything  else  than  that  my  A-fibrinogcn  is  but  such  precipitated 
albumose,  we  are  now  to  understand  (p.  280,  the  same  on  which  the 
above  statements  are  made)  ho  means  nothing  of  the  sort.  All  he 
means  is  that  albumose  alters  the  normal  proteids  of  the  plasma.  This 
is  quite  a  different  view,  and  is  of  course  a  necessary  conclusion  from 
my  own  experiments  and  publications.  In  fact  Dr  Halliburton  tries 
to  discredit  my  observations  on  this  subject  by 

I.  Hinting  that  it  is  nothing  but  albumose  precipitated  by  cold, 
indeed  stating,  page  278,  §  2, "  that  the  occurrence  of  the  so-called 
A-fibrinogen  in  peptone  plasma  is  produced  by  the  peptone,  is 
supported  by  the  fact  that  if  one  takes  a  solution  of  Witte's 
peptone  and  cools  it  to  0*  C.  a  precipitate  is  produced  consist- 
ing of  rounded  granules  having  very  much  the  appearance  of 
blood  tablets." 
II.     Assorting  that  nevcrtliolcss  it  is  not  albumose,  is  not  the  actual 

precipitate  from  the  peptone  injected. 
The  flagrant  contradiction  of  these  two  ways  of  looking  at  the  subject 
is  only  consummated  by  Dr  Halliburton's  suddenly  dropping  the 
subject  he  raises,  viz.  what  is  the  nature  of  the  body  I  call  A-fibrinogcn  ? 
But  he  proceeds  to  add  remarks  the  justification  for  which  rests  on  his 
ignorance  of  my  researches  on  this  subject. 

1  dn  Bois'  Arehiv,  18S4. 

•  Proc.  Bmj.  Soc.  1886. 

s  dtt  Boi8*  ArcMv,  188a 

*  Proe.  Boy.  8oe,  Vol.  zuv.  p.  966,  and  this  Journal,  p.  280. 
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For  instance  Dr  Halliburton  complains  that  in  my  short  answer 
to  him  in  the  Proceedings  of  tlie  Royal  Society^  I  do  not  give  a  list 
of  the  properties  of  A-fibrinogen.  Am  I  compelled  to  rewrite  all  my 
descriptions  and  facts  because  Dr  Halliburton  will  not  take  the 
trouble  to  read  them  ?  On  page  278  of  the  Journal  paper  Dr  Halli- 
burton says  the  following  in  reference  to  the  occurrence  of  A-fibrinogen 
in  salted  plasma : — "  The  statement  that  sodium  chloride  plasma  contains 
A-fibrinogen  is  thus  a  matter  of  pure  inference:  and  the  reasoning 
adopted  by  Wooldridge  is  a  very  obvious  case  of  reasoning  in  a 
circle  as  follows : — this  form  of  salted  plasma  coagulates  spontaneously, 
therefore  it  must  contain  fibrinogen  A,  and  because  this  plasma  contains 
fibrinogen  A  therefore  it  coagulates  spontaneously  " 

What  I  have  really  said  on  this  subject  is  as  follows :  reptonc 
plasma  free  from  ferment  and  corpuscles : — 

1.  Yields  on  cooling  a  substance  which  can  be  collected  and 
examined,  A-fibrinogen. 

2.  Clots  spontaneously,  i.e.  by  means  not*  fibrin  factors. 

3.  When  it  clots  spontaneously  yields  fibrin  ferment 

4.  Cooled,  and  with  A-fibrinogen  thus  removed,  loses  the  power  of 
spontaneous  coagulation  and  of  forming  fibrin  ferment. 

5.  Treated  with  sodium  chloride  solution  so  that  the  mixture 
contains  4  to  5^/^  of  the  salt,  yields  no  precipitate  on  cooling  and  retains 
the  power  of  spontaneous  coagulation. 

6.  If  treated  with  MgSo^,  as  I  have  described,  a  precipitate 
is  formed  in  the  plasma  closely  resembling  the  cold  precipitate, 
A-fibrinogen. 

7.  After  the  removal  of  this  precipitate  the  plasma  no  longer 
coagulates  spontaneously  and  forms  no  fibrin  ferment 

To  judge  of  the  action  of  salts  on  plasma  we  must  first  have  it 
Normal  blood  of  the  dog  (i.e.  blood  the  moment  it  leaves  the  vessels) 
treated  severally  with  107o  NaCl  solution  and  MgSo^  solution  yields 
plasnmta  exactly  corresponding  as  regards  spontaneous  coagulability 
and  formation  of  fibrin  ferment  te  those  obtained  by  the  action  of 
salts  on  peptene  plasma. 

Consequently  I  consider  I  am  justified  in  the  deduction  that 
A-fibrinogen  is  present  in  salted  plasma. 

In  his  own  paper  Dr  Halliburten  says,  "Magnesium  sulphate 
plasma  is  generally  the  slowest  to  coagulate  when  simply  diluted  with 

1  7  independently  of.    Kd* 
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water :  this  is  no  doubt  because  some  of  the  fibrinogen  of  the  plasma  is 
precipitated  by  the  use  of  this  salt"  It  is  not  clear  why  Ur  Halli- 
burton says  ''no  doubt"  It  is  precisely  the  statement  I  have  made 
in  consequence  of  my  study  of  the  action  of  magnesium  sulphate  on 
peptone  plasma.  Nor  is  it  clear  why,  with  his  views,  Dr  Halliburton 
thinks  the  removal  of  this  fibrinogen  should  delay  the  occurrence  of 
clotting.  Has  he  any  evidence  to  show  that  a  slight  diminution  in 
the  quantity  of  fibrinogen  makes  the  rest  clot  slower  with  ferment? 
Why  should  it  ? 

Mow  there  is  this  difference  between  the  two  kinds  of  salted  plasma 
in  the  dog.  The  sodium  chloride  plasma  clots  in  from  3  to  10  minutes 
on  simple  dilution.  The  magnesium  sulphate  plasma  does  not  clot  for 
48  hours.  Such  a  striking  difference  is  only  explicable  by  the  assump- 
tion that  the  fibiinogen  removed  by  the  MgSo^  has  a  special  power  of 
initiating  coagulation. 

What  I  have  said  is  that  NaCl  plasma  and  imcooled  peptone  plasma 
contain  a  special  fibrinogen  (A-fibrinogen)  which  has  the  power  of 
initiating  coagulation. 

Dr  Halliburton  first  tries  to  throw  ridicule  on  my  results,  and  then 
for  his  own  purposes  practically  admits  they  are  true. 

He  states  in  his  paper  in  the  Journal  that  /  infer  tliat  solutions  of 
iisHue  filmnogen  muse  clotting  in  cajtravcisciUav  j>2{ts7;ia,  from  its  action 
on  intravascular  blood.    But  this  again  is  quite  inaccurate. 

In  my  paper  in  Ludwig's  Festschrift,  and  in  a  paper  published  in 
March,  1888,  in  du  Bois'  Archiv,  I  state  and  describe  fully  the  action 
of  tissue  fibrinogen  on  extravascular  plasma. 

I  quote  firom  Lud wig's  Festschrift  (which  Dr  Halliburton 
frequently  refers  to)  "Diese  Stoffe  (Gewebes-fibrinogen)  bewirken 
nicht  nur  Qeriiinung  im  oxtravascularcu  Plasma  wie  Fepton-plasma 
soudern  sic  briugcn  auch  beim  Eiiispritzcu  u.s.  w.  Die  gonanntcn 
Stoffe  sind  ahnlich  wie  Lymphkorperchen  und  LecUJiin  ganzlich  ohne 
Wirkung  auf  stark  verdiinntes  Bittersalzplasma — bringen  sie  dagegen 
extravasculares  Plasma  zur  Gerinuung  so  entsteht  gleichzeitig  viel 
Ferment" 

I  think  the  illustrations  I  have  given  above  indicate  fairly  the 
nature  of  Dr  Halliburton's  criticism. 

Having  sufiicicntly  dealt  with  what  I  must  characterize  as  a  travesty 
of  my  researches,  I  now  pass  to  a  consideration  of  the  actual  obser- 
vations of  Dr  Halliburton.  Dr  Halliburton,  to  his  own  satisfaction, 
conclusively  overturns  all  my  work  by  the  following  highly  remarkable 
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dictum.  "Now  Dr  Wooldridge  admits  too  much,  he  admits  that  the 
fibrin  ferment  causes  coagulation  "  and,  "  The  formation  of  fibrin  either 
is  or  is  not  a  ferment  action,  it  cannot  be  both." 

Sugar  is  formed  from  starch  by  ferment  action;  does  Dr  Halliburton 
think  it  can  be  formed  in  no  other  way?  In  such  a  state  of  mind  does 
Dr  Halliburton  approach  the  coagulation  question.  Truly  I  admit 
that  fibrin  ferment  sometimes  causes  the  coagulation  of  fibrinogen ;  to 
state  that  fibrin  cannot  be  formed  in  any  other  way  is  to  beg  the 
question  at  issue,  and  consequently  to  assume  most  unwarrantably 
perfect  knowledge  of  the  whole  process  of  coagulation. 

The  destruction  my  observations  undergo,  in  Dr  Halliburton's 
hands,  when  ho  treats  them  experimentally,  is  quite  on  a  par  with  that 
treated  logically. 

He  completely  "upsets  one  of  the  very  foundations  on  which"  my 
theory  is  constructed. 

He  describes  six  experiments  in  which  he  prepares  according  to 
Schmidt's  method  solutions  of  fibrin  ferment  from  lymphatic  glands. 
He  consequently  "  feels  justified  in  concluding  that  the  cells  of  lymph 
glands  yield  as  one  of  their  disintegration  products  a  substance  which 
has  the  same  properties  as  fibrin  ferment"  "  This  is  a  fact  which  has 
been  observed  by  others;  it  is  however  denied  by  Wooldridge."  I  have 
of  course  never  denied  in  the  least  that  leucocytes  might  as  the  result  of 
disintegration  yield  fibrin  ferment ;  quite  the  contrary.  The  real  state- 
ment I  have  made  is  reproduced  in  the  very  same  sentence  by  Dr 
Halliburton  himself,  and  among  the  "others"  which  he  quotes  as 
supporting  his  view  and  diametrically  opposed  to  me,  is  Rauschen- 
bach. 

Dr  Halliburton's  own  work  on  leucocytes  is  in  many  respects  an 
incomplete  repetition  of  Rauschenbach's. 

Rauschenbach,  a  pupil  of  Alexander  Schmidt,  repeated  and 
extended  my  original  observations,  using  cooled  plasma.  He  is  the 
originator  of  the  statement  that  the  leucocytes  from  lymph  ghuuls 
contain  no  fibrin  ferment  and  that  they  have  no  action  on  certain 
fibrinogen  solution&  He  is  the  originator  of  the  statement  that  there 
are  "  mother  substances  "  of  the  fibrin  ferment.  From  my  own  papers 
eight  years  ago  and  from  Rauschenbach's  onwards  there  has  been  a 
complete  revolution  in  the  coagulation  question. 

I  quote  from  Rauschenbach\ 

^  Proioplatma  und  BlutpUuma,  Dorpat,  18S2. 
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"When  the  cells  are  treated  with  distilled  water  and  immediately 
filtered,  ten  parts  of  the  filtrate  with  one  part  of  salt  plasma  (the  test 
fluid)  gave  signs  of  a  weak  fermentative  activity  (clotting  in  4  or  5 
houra) "  (p.  27). 

"The  slimy  mass  of  leucocytes  which  had  been  produced  by  the 
action  of  salts,  treated  with  alcohol  yielded  only  traces  of  fibrin  ferment" 
(p.  25). 

"  After  the  cells  had  been  acted  on  by  distilled  water  for  many  hours 
an  active  extract  was  obtained ;  heating  to  50^  quickened  the  formation 
of  this  active  extract "  (p.  27). 

"Whether  the  traces  of  fibrin  ferment  which  even  the  freshest 
collection  of  cells  contains,  and  which  pass  into  the  watery  extract  of  the 
alcohol  coagulum  and  into  the  rapidly  filtered  watery  extract  of  the 
cells  themselves,  are  of  vital  origin  or  are  formed  during  the  pressing 
out  and  filtration  of  the  mass,  I  must  leave  for  the  present  undecided" 
(p.  28). 

"  I  must  expressly  emphasize  here  that  fresh  pressed  out  cell  fluid, 
in  a  quite  undiluted  condition  exerted  no  perceptible  action  whatever 
on  my  fibrinogen  fluids  nearly  free  from  paraglobulin.  The  same  is 
true  of  the  watery  extract  obtained  immediately  after  pressing  out  the 
cells  "  (p.  30). 

My  observations  in  regard  to  the  absence  of  ferment  from  fresh 
isolated  leucocytes  are  quite  in  accord  with  those  of  Kauscheubach. 
As  Dr  Halliburton  quotes  him  one  would  gather  that  this  observer's 
sUitements  were  quite  in  harmony  with  those  of  Dr  Halliburton  and 
opposed  to  mine.     Whereas  the  exact  contrary  is  the  case. 

Now  these  observations  of  Bauschenbach  clearly  point  to  the  fact 
that  fresh  isolated  leucocytes  contain  none  or  dubious  traces  of  fibrin 
ferment ;  that  by  artificially  breaking  them  up  fibrin  ferment  may  be 
fonncd.  Dr  Halliburton,  in  dealing  with  mc,  says  that  all  my 
complicated  and  in  his  eyes  apparently  ridiculous  observations  fall 
to  the  ground  because  the  leucocytes  contain  such  a  powerful  fibrin 
ferment.  He  says,  speaking  of  peptone  plasma :  "  Leucocytes  contain  a 
very  powerful  ferment,  therefore  they  cause  clotting  in  peptone  plasma, 
wliercas  scrum  and  Schmidt's  ferment  arc  not  so  powerful." 

There  is  not  a  particle  of  evidence  in  the  whole  of  Dr  Halliburton's 
jKiper  in  support  of  this  statcmout — the  one  cxporimcntal  point  he 
endeavours  to  make  against  me. 

From  the  six  experiments  I  have  alluded  to  it  is  impossible  to  judge 
whether  there  is  any  fibrin  ferment  present  at  all.    Since  the  only  approxi- 
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mately  reliable  experiment,  with  strong  magnesium  sulphate  plasma^  is 
spoilt  and  rendered  dubious  by  the  very  slight  dilution  of  the  plasma; 
and  as  no  weight  or  measures  or  comparisons  with  serum  are  given, 
there  is  not  even  an  attempt  to  prove  his  statement. 

Lymph  cells  and  leucocytes  yield  very  active  "preparations  of 
fibrin  ferment,"  says  Dr  Halliburton;  although  he  in  no  way  proves 
it,  it  may  be  true.  But  if  it  should  prove  to  bo  true  that  leucocytes, 
without  any  other  organic  addition,  can  be  made  to  yield  active 
preparations  of  fibrin  ferment,  this  would  not  in  the  least  alter  or 
injure  what  I  have  said  on  coagulation. 

I  have  said  they  do  not  contain  it,  I  have  not  said  they  might  not, 
by  various  destructive  processes,  be  made  to  yield  it.  On  the  contmry 
I  have  always  said  that  when  they  cause  clotting  in  peptone  plasma, 
they  also  cause  the  appearance  of  fibrin  ferment  Whether  any  other 
form  of  destroying  the  cells  may  cause  the  formation  of  fibrin  ferment 
I  cannot  personally  say. 

Dr  Halliburton  seems  to  think  that  a  leucocyte  in  a  lymphatic 
gland  alive  and  well  is  the  same  thing  as  a  leucocyte  treated  with 
various  strong  salt  solutions,  dialysed,  treated  with  alcohol,  distilled  water 
and  so  on.  It  is  of  course  easy  to  say,  as  Dr  Halliburton  does,  that 
leucocytes  cause  the  clotting  of  the  plasma  because  they  contain  a  very 
active  ferment  His  experiments  prove  nothing  of  the  sort.  My  own 
observations  are  quite  opposed  to  this  statement.  We  can  only  judge 
of  the  activity  of  a  ferment  solution  by  the  rapidity  with  which  it 
causes  the  clotting  of  a  test  fluid. 

Now  solutions  of  fibrin  ferment  which  cause  clotting  in  strongly 
diluted  strong  magnesium  sulphate  plasma  in  two  to  three  minutes 
cause  when  added  to  peptone  plasma  in  the  same  proportions  no  clotting 
whatever  or  only  traces  after  hours.  Yet  leucocytes  added  to  the  same 
peptone  plasma  cause  clotting  in  a  few  minutes.  If  these  experiments 
mean  anything,  they  mean  that  the  leucocytes  act  quite  differently  to 
strong  fibrin  ferment  And  it  was  perfectly  apparent  from  my  iirst 
experiments  published  in  1881  that  the  interaction  which  occurs 
between  the  leucocytes  and  plasma  was  of  a  totally  different  nature  to  a 
fermentative  process. 

Now  concerning  Dr  Halliburton's  observations  I  would  say  the 
following. 

They  leave  the  chemical  aspect  of  coagulation  quite  untouched ;  his 
theory  is  therefore  naturally  simpler  than  mine.  For  to  say  that 
coagulation  is  due  to  a  ferment  is  merely  to  envelope  the  whole 
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question  in  the  hopeless  mist  in  which  it  has  been  for  the  last  twenty 
years. 

Dr  Halliburton  says  the  white  corpuscles  liberate  fibrin  ferment 
when  blood  is  shed,  and  he  says  his  theory  explains  why  the  bloo<l 
coagulates  outside  the  vessels.  This  is,  of  course,  the  old  theory  of 
Alexander  Schmidt;  a  theory  which  has  long  been  shown  by  its 
author  and  his  pupils  to  be  hopelessly  untenable.  It  was  shown  to  be 
impossible  in  my  first  papers  in  1881. 

Dr  Halliburton's  repetitious  of  Schmidt's  experiments  and  his 
deductions  therefrom  arc  as  follows.  By  destroying  lymph  colls  in 
various  ways  he  obtains  solutions  which  he  says  contain  the  fibrin 
ferment.  Therefore  he  says  when  the  white  corpuscles  leave  the  blood 
vessels  they  break  up  and  yield  this  ferment.  Finally,  he  says,  leu- 
cocytes contain  a  very  active  ferment,  a  much  more  active  ferment  than 
soruiu. 

Now  if,  for  the  sake  of  argument,  we  accept  these  observations  as 
correct,  it  is  clear  that  there  is  a  very  large  gap  between  Dr  Halli- 
burton's deductions  and  his  observations,  because  we  know  with 
certainty  that  white  blood  corpuscles  when  they  leave  the  vessels 
contain  no  fibrin  ferment.  Leucocytes  and  white  blood  corpuscles  are 
then  according  to  this  totally  different,  if  Dr  Halliburton's  statements 
an*.  corro(^t  and  ho  means  what  ho  says.  Under  those  circumstancos, 
therefore,  the  ferment  theory  as  propounded  and  maintained  by  Schmidt 
falls  to  the  ground  in  Dr  Halliburton's  hands.  He  himself  does  not 
appear  to  grasp  the  fact  that  Schmidt  was  quite  aware  that  the 
leucocytes  in  the  blood  contained  no  fibrin  ferment  and  that  he  ac- 
cordingly put  forward  the  hypothesis  that  a  specific  form  of  protoplasmic 
change  occuiTed,  which  led  to  the  development  of  ferment  from  the  dis- 
integrated corpuscles. 

Now,  unfortunately,  the  views  of  Schmidt  and  Hammarsten 
edited  by  Dr  Halliburton  are  supported  by  him  by  an  experimental 
method  which  is  open  to  fatal  objections. 

He  uses,  as  a  test  for  his  supposed  fibrin  ferment  solutions,  a  fluid 
which  he  says  clots  rapidly  with  substances  which  are  not  fibrin  ferment. 
It  is  therefore  extremely  difiicult  for  him  to  know  when  he  is  dealing 
with  the  ferment  and  the  non-fennent.  He  says  that  because  his 
solutions  cause  clotting  in  his  test  plasma  it  cannot  be  concluded  that 
they  contain  ferment  because  other  Eubstances,  e.g.  muscle,  cause  rapid 
clotting.  (In  his  first  paper  in  the  Royal  Society  he  omits  this.) 
It  is  therefore  not  at  all  clear  how  he  knows  he  is  dealing  with  fibrin 
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ferment  at  all.  His  identification  of  the  ferment  would  appear  to 
depend  on  the  temperature  at  which  his  solutions  lose  their  coagu- 
lating activity,  and  even  this  is,  according  to  his  own  statement,  a 
somewhat  precarious  method  of  identification. 

The  fibrin  ferment  is,  he  asserts,  ''cell  globulin,"  a  substance  con- 
taining no  phosphorus.  ''  It  is  a  true  ferment,  an  unstable  substance, 
the  product  of  a  living  cell,  and  that  induces  changes  in  the  substances 
with  which  it  comes  in  contact  by  a  catalytic  action,  Le.  without  itself 
apparently  participating  in  the  chemical  changes  its  presence  induces." 
Dr  Halliburton,  it  may  be  seen,  is  very  precise  on  the  subject  But 
as  a  matter  of  fact  all  this  rests  purely  on  his  ipse  dixit 

Long  before  ho  took  up  the  subject  of  coagulation  it  had  been 
abundantly  shown  that  all  kinds  of  different  substances  when  added 
to  plasma  cause  coagulation.  These  substances  were  not  fibrin  ferment 
And  therefore  it  became  of  the  utmost  necessity  to  adopt  the  greatest 
precautions  in  testing  for  this  substance.  The  two  fluids  which  afford 
reasonable  certainty  that  we  are  dealing  with  fibrin  ferment  are 
(1)  the  test  fluid  of  Alexander  Schmidt,  i.e.  highly  diluted  strong 
magnesium  sulphate  plasma,  and  (2)  the  fibrinogen  of  Hammarsten,  ie. 
the  fibrinogen  prepared  from  the  strong  MgSo^  plasma  of  the  horse  by 
repeated  precipitation  and  re-solution.  They  afford  a  reasonable  cer- 
tainty of  the  existence  of  ferment  because  so  far  as  is  known  they  have 
little  or  no  tendency  to  clot  with  "  other  substances."  Dr  Halliburton 
appears  very  seldom  to  use  these  test  fluids.  As  I  have  pointed  out 
before,  the  serous  fluids  which  he  employs  are  very  unreliable,  they  vary 
in  different  cases,  although  as  a  general  rule  they  resemble  Hammar- 
sten's  fibrinogen  in  being  easily  affected  by  ferment  and  not  by  "other 
substances." 

It  must  be  remembered  that  the  original  and  continued  belief  in  the 
fibrin  ferment  depends  almost  entirely  on  our  being  able  to  separate  it 
from  proteids.  Its  recognition  by  Schmidt  depended  on  this.  The 
whole  of  Hammarsten's  work  depended  on  this.  If  it  cannot  be 
separated  from  proteid  then  the  proof  that  it  produces  *'  changes  without 
itself  participating  in  the  chemical  changes"  becomes  an  exceedingly 
difficult  one  and  has  never  yet  been  presented  to  science. 

Dr  Halliburton  says  ''that  his  ferment  does  not  participate,  but  I 
cannot  see  that  he  has  afforded  any  material  proof  whatever.  Indeed 
he  is  not  clear  that  his  proteid  solutions,  which  he  calls  ferments,  do  not 
influence  the  amount  of  fibrin  formed,  and  he  affords  no  direct  proof 
whatever  that  they  are  not  materially  altered.     He  does  not  give 
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.convincing  evidence  that  the  various  substances  he  speaks  of  as  "  fibrin 
ferment*'  arc  one  and  the  same  body.  It  is  of  course  extremely 
hazardous  to  assert  that  one  proteid  is  identical  with  another.  But  first 
there  is  one  poinl  Dr  Halliburton  seems  to  have  omitted  to  profit  by. 
His  cell  globulin  from  lymph  glands  is  ''quite  free  from  phosphonis." 
This  is  the  first  proteid,  if  this  is  true,  ever  found  free  from  phosphorus 
(Bunge  Ritthausen).  It  is  a  pity  he  has  not  applied  this  method  of 
identification  to  his  other  cell  globulins. 

Then  Dr  Halliburton  makes  a  vciy  remarkable  statement  about 
the  iibrin  ferment  which  is  entirely  opposed  to  all  previous  experience. 
He  says  that  even  ^  or  l*/©  solutions  of  sodium  chloride  hinder  very 
considerably  the  action  of  the  ferment.  I  hope  Dr  Halliburton  has 
made  direct  observations  on  this  point,  since  it  is  another  of  the 
sweeping  and  unsupported  statements  he  has  made  concerning  my  work. 
The  action  of  sodium  chloride  has  been  very  fully  worked  out  by  the 
Dorpat  school.  The  presence  of  salt  solution  up  to  S®/©  causes  not  a 
hindorancc  but  a  decided  increased  rapidity  in  fermentative  coagulation. 
Against  this  well-known  fact  he  brings  no  experimental  evidence. 
The  sole  original  point  which  Dr  Halliburton  has  made  is  that  the 
fibrin  ferment  is  a  proteid.  All  the  observations  he  gives  on  clotting 
have  been  made  before.  We  have  known  for  years  that  leucocytes 
from  lymph  glands  cause  clotting,  that  extracts  containing  proteid  from 
leucocytes  cause  clotting,  that  a  proteid  from  scrum  causes  clotting, 
and  it  is  still  for  Dr  Halliburton  to  prove  that  these  substancas  are 
the  fibrin  feiment,  or  that  they  act  as  an  enzyme  at  all,  and  even  then 
we  shall  not  have  got  much  further  in  the  knowledge  of  the  intimate 
nature  of  coagulation. 

How  extremely  little  value  can  be  placed  on  the  eflfect  of  heating  as 
a  test  for  an  enzyme  Civn  be  seen  from  an  earlier  observation  I  have  long 
ago  recorded.  Tissue  fibrinogen  causes  intravascular  clotting ;  after  the 
solutions  have  been  boiled  they  lose  this  power.  Yet  they  are  just  as 
active  on  extravascular  plasma  as  peptone  plasma. 

In  conclusion  then,  Dr  Halliburton's  sole  experimental  point 
against  me  is  that  leucocytes  cause  clotting  in  peptone  plasma  becixuse 
they  contain  a  ferment  so  very  much  more  active  than  the  ferment  of 
Schmidt  or  than  serum.  He  does  not,  however,  adduce  one  single 
observation  which  proves  that  leucocytes  contain  or  even  yield  any 
ferment  whatever,  and  there  is  no  attempt  to  prove  that  their  alleged 
ferment  is  so  very  active. 
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The  observer  he  quotes  in  support  of  his  views  flatly  contradicts  him. 
Surely  an  observer  in  Dr  Halliburton's  position,  who  brings  such 
sweeping  criticism  to  bear  on  my  work,  is  bound  to  show  that  his  one 
observation  "  which  completely  upsets  one  of  the  very  foundations  upon 
which  my  theory  rests"  is  a  true  and  correct  one.  But  at  present 
Dr  Halliburton  has  only  made  the  assertion,  he  has  not  attempted  to 
prove  it. 


FURTHER  OBSERVATIONS  ON  THE  HISTOLOGY  AND 
FUNCTION  OF  THE  MAMMALIAN  SYMPATHETIC 
GAI4GLIA.    By   W.   HALE  WHITE,  M.D. 

(JFr<nn  the  Laboratory  ai,  Ouj/s  Hospitai.) 

In  this  Journal,  Vol.  viii.  No.  2,  I  tried  to  show,  Firstly :— that 
humau  adult  superior  cervical  ganglia  vary  as  much  in  size  as  the 
largest  and  smallest  of  other  mammals,  and  that  the  size  of  the 
ganglion  in  other  mammals  varies  directly  as  the  size  of  the  animal. 
Secondly: — ^that  human  superior  cervical  ganglia  exhibit  granular 
pigmented  atrophic  cells  much  more  frequently  than  those  of  other 
mammals;  that  this  condition  though  present  to  some  degree  in 
iiioukcys,  diminishes  regularly  as  wo  descend  in  the  mammalian  scale, 
till  at  Inst  it  is  not  soon.  Thirdly : — that  human  footal  suijcrior  cervical 
ganglia  do  not  show  any  of  these  changes  in  their  nerve  cells.  These 
facts  seemed  to  me  to  demonstrate  that  the  superior  cervical  ganglion  is 
becoming  less  and  less  important  functionally  the  higher  we  ascend  in 
the  animal  scale,  till  in  the  human  adult  its  minimum  of  importance  is 
reached.  It  is  in  fact  an  atrophied  degenerate  organ  like  the  coccyx  or 
appendix  caeci. 

Since  the  publication  of  that  paper  I  have  made  some  further 
observations  on  this  subject 

In  order  to  make  sure  that  the  pigmented,  gi*anular,  atrophic, 
degenerate  appearance  of  the  cells  could  not  be  due  to  the  method 
of  preparation  of  the  specimen,  I  examined  in  the  fresh  state  the 
superior  cervical  ganglion  of  ten  persons  dying  of  various  diseases,  and 
found  that  the  nerve  cells  showed  exactly  the  same  appearances  as  those 
which  I  have  described  as  being  present  in  the  nerve  cells  of  ganglia 
which  have  been  hardened  in  MUller's  fluid.  This  condition  of  nerve 
cell  in  the  human  subject  has  been  found  by  many  observers,  such  as 
Foa  {Rivista  Glinica  di  Bologna,    1874),  Giovanni  {Patoloffia  del 
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Simpatico,  Milano,  1876),  Luminoff  {Virchaw'a  Archiv,  Bd.  61,  §145), 
Da  Costa  and  Longstreath  (American  Journal  of  Medical  Sciences, 
July,  1880),  Long  Fox  {Injluence  of  tlie  SynvpcLtlietic  on  Disease), 
and  Saundby  (Bintish  Medical  Journal,  Jan.  13, 1883).  It  is  extremely 
unlikely  that  all  these  observers  prepared  their  specimens  in  the  »unc 
way,  and  yet  they  found  exactly  the  same  changes  as  I  have  done  both 
in  prepared  and  fresh  specimens.  Therefore  we  must  I  think  admit  that 
this  condition  of  cells  is  present  during  life. 

Wishing  to  find  out  whether  the  age  of  the  subject  bore  any 
relationship  to  the  condition  of  the  superior  cervical  ganglion,  I 
examined  this  organ  taken  from  twenty-two  different  people  dying  of 
different  diseases,  wrote  a  description  of  each  specimen  without  knowing 
the  age  or  cause  of  death  of  the  patient,  and  then  arranged  the 
descriptions  according  to  the  ages  of  the  patients.  The  result  of  this  is 
shown  in  table  A  at  the  end  of  this  paper.  It  will  be  observed  that  four 
children  of  10  years  of  age  and  under  were  examined,  and  in  all  of  them 
th(^  nerve  cells  were  well  formed,  neither  shrunken,  granular  nor 
pigmented,  and  in  every  respect  looked  like  ordinary  nerve  cells.  In  tlie 
remaining  eighteen  patients,  all  of  them  adults  over  twenty-one,  the 
nerve  cells  were  not  like  those  of  children  save  in  a  suigle  case ;  Llioy 
were  in  all  others  either  granular,  shrunken,  non-nucleated,  or  very  few 
in  number,  and  had  not  by  any  means  the  usual  appearance  of  nerve 
cells.  It  will  also  be  noticed  that  the  cells  are  furthest  removed  frota 
the  normal  type  in  the  oldest  people,  for  example,  the  nerve  cells  from  the 
superior  cervical  ganglion  of  the  three  people  who  were  seventy  or  over, 
were  very  scanty,  and  were  nothing  more  than  small  granular  masses  of 
pigment.  In  my  last  paper  in  this  Joumcd  I  described  one  superior 
cervical  ganglion  from  a  child,  and  its  nerve  cells  were  quite  normal. 
Out  of  the  41  specimens  there  described,  all  but  nine  were  taken  froo) 
persons  who  died  of  diseases  which  very  rarely  occur  in  children.  If  we 
take  out  these  nine  we  have  thirty-two  specimens  left,  one  of  which  was 
a  child  with  normal  nerve  cells,  but  in  all  the  remaining  thirty-one  the 
cells  were  unlike  the  normal  type.  Thus,  putting  the  lists  from  each  of 
the  papers  together  we  have  forty-nine  adults  examined,  among  whom 
only  one  showed  entirely  normal  nerve  cells  in  the  superior  cervical 
ganglion,  and  five  children  examined,  all  of  whom.shpwed  entirely 
normal  nerve  cells.  In  my  last  paper  I  demonstrated  that  in  each  of 
ten  human  foetuses  the  cells  of  the  superior  cervical  ganglia  l(K)ked 
exactly  like  normal  nerve  cells,  except  that  they  were  rather  small, 
which  was  probably  due  to  their  not  being  fully  grown.     Schenk  and 
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BirdsalP  have  shown  that  the  sympathetic  ganglia  are  developed,  both 
in  man  and  other  mammals,  by  an  outgrowth  from  the  central  nervous 
system,  and  that  the  cells  of  the  sympathetic  ganglia  are  at  first 
indistinguishable  from  those  of  the  central  nervous  system,  which 
however  grow  more  mpidly  than  the  sympathetic  cells,  so  that  soon  the 
sympathetic  cells  may  be  distinguished  by  their  being  smaller. 

I  also  proved  that  the  superior  cervical  ganglion  varied  more  in  size 
in  adult  man  than  any  other  organ  (except  perhaps  other  ganglia) 
in  the  body.  Although  there  are  a  few  cases  on  record  in  which  the 
ccrviwil  .sympathetic  ganglia  have  been  implicated  in  a  tumour,  in  nime 
were  there  any  symptoms  save  those  which  could  be  referred  to  the 
destniction  of  the  nerve  fibres  passing  through  the  ganglion,  and  no 
disease  has  ever  been  shown  to  be  due  to  a  lesion,  either  intrinsic  or 
extrinsic  of  the  cells  of  these  ganglia. 

All  these  facts  seem  to  me  to  afford  additional  proof  of  my  conten- 
tion that  the  superior  cervical  ganglion  is  in  the  human  foetus  an  organ 
having  some  function,  but  tliat  soon  after  birth  the  ganglion  begins  to 
degenerate,  and  this  degeneration  continues  till,  towards  the  end  of 
life,  the  nerve  cells  are  atrophied  and  functionless. 

It  will  be  noticed,  that  in  foetuses  and  children  none  of  the  cells  are 
pigmented,  but  that  at  the  age  at  which  other  signs  of  degeneration 
such  :\s  the  appoaranc^c  of  a  granular  condition,  shrinking,  absence  of 
nucleus  &c.,  begin  to  appear,  pigmentation  is  first  seen.  This  may 
perhaps  mean  that  we  ought  to  regard  the  pigmentation  as  evidence  of 
degeneration.  The  cause  of  death  has  no  influence  on  the  condition  of 
the  nerve  cells. 

In  21  out  of  the  22  patients  whose  superior  cervical  ganglia  are 
described  at  the  end  of  this  paper,  I  examined  the  cervical  sympathetic 
nerve  between  the  superior  and  middle  ganglia,  and  in  every  case  it 
was  perfectly  healthy,  being  composed  of  grey  fibres  with  a  few  small 
white  ones  mixed  with  them.  It  is  noteworthy  that  if  the  sections 
showed  among  the  nerve  fibres  a  few  nerve  cells  these  were  pigmented, 
granular,  and  degenerate.  That  the  human  sympathetic  nerve  in  the 
neck  is  functionally  active  is  well  known  from  the  experiments  of  Prof« 
R.  Wagner  upon  the  head  of  a  decapitated  criminal,  whose  pupil  was 
made  to  dilate  by  stimulation  of  the  cut  distal  end  of  the  cervical 
sympathetic  nerve.  Also  there  are  numerous  cases  on  record  in  which 
the  nerve  has  been  destroyed  by  aneurisms,  or  growths,  or  cut  by 
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iDJuries,  and  there  is  even  one  recorded  by  Israel  {Berl.  Klin.  Wock. 
1888,  §  120)  in  which  a  piece  of  the  nerve  was  excised  during  a  surgical 
operation.  All  these  cases  show  that  the  sympathetic  nerve  in  the 
neck  in  man  possesses  exactly  the  same  function  as  it  does  in  animals. 
Mocbius  {Berl.  Klin.  Wock  1884,  §  234,  u.  folg.)  has  published  an 
important  collection  of  such  cases. 

I  therefore  submit  the  conclusion  that  although  in  adult  man  the 
superior  cervical  ganglion  is  functionless,  the  cervical  sympathetic  nerve 
has  the  same  functions  as  in  the  lower  animals. 

In  my  previous  paper  I  gave  a  list  showing  the  results  of  the 
examination  of  the  superior  cervical  ganglia  taken  from  forty-six 
mammals  lower  in  the  scalo  than  man. 

I  have  in  addition  examined  twenty-three  more.  The  results  will  be 
seen  in  table  B  at  the  end  of  this  paper.  It  will  be  noticed  that  in  all 
the  lower  animals  the  nerve  cells  are  of  the  normal  type  save  in  one  of  the 
Catarrhine  apes.  This  confirms  the  result  previously  arrived  at,  namely, 
that  whilst  adult  man  presents  a  very  large  proportion  of  granular 
degenerate  cells,  in  monkeys  there  are  very  few  and  in  the  mammals 
below  them  hardly  any. 

The  sections  of  this  ganglion  from  the  lower  animals  also  show  that 
the  size  of  the  ganglion  varies  directly  as  the  size  of  the  animal. 

All  these  additional  facts  confirm  my  previous  contention  that  the 
superior  cervical  ganglion  in  the  lower  mammals  has  some  function ;  in 
monkeys  it  has  begun  to  lose  this  function,  and  in  adult  man  it  is 
entirely  functionless. 

The  spotted  hyaena,  the  spectacled  bear,  the  crab-eating  raccoon, 
Michies'  tufbed  deer  and  the  white  lipped  peccary  were  all  described  as 
aged,  and  the  bear  was  very  old,  yet  all  these  animals  showed  well- 
developed  non-degenerate  nerve  cells.  This  is  in  striking  contrast  to  the 
minute,  non-nucleated  masses  of  granular  pigment,  which  we  havo  seen 
represent  the  nerve  cells  in  the  superior  cervical  ganglia  of  elderly 
human  beings,  and  is  further  evidence  that,  in  adult  man,  these  ganglia 
have  lost  whatever  function  they  may  have  had  in  the  lower  animals. 

In  my  second  series  of  sections  as  in  my  first  I  have  sometimes 
found  a  large  number  of  leucocytes ;  I  cannot  say  what  their  significance 
may  be. 

In  19  out  of  the  23  animals  examined,  sections  of  the  cervical 
sympathetic  nerve  between  middle  and  superior  cervical  ganglion  were 
cut,  and  they  were  always  found  to  be  perfectly  healthy  and  quite 
indistinguishable  from  the  corresponding  human  nerve. 
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There  will  be  found  tabulated  in  Table  C  at  the  end  of  this  paper, 
the  result  of  an  examination  of  33  human  semihmar  ganglia,  taken 
indiscriminately  from  persons  dying  of  various  diseases.  Of  the  33, 
throe  came  from  children,  and  in  all  of  them  the  ganglion  cells  were 
excellent  examples  of  normal  nerve  cells,  some  of  them  showing 
processes  as  distinct  as  those  of  the  cells  of  the  spinal  cord.  In  six 
only  of  the  remaining  30  were  all  the  nerve  cells  normal ;  all  the  other 
ganglia  showed  more  or  less  degeneration  of  their  cells  which  in  many 
sections  were  reduced  to  minute  masses  of  non-nucleated,  granular 
pigment,  free  in  the  middle  of  the  capsule. 

Often  it  is  particularly  mentioned  that  there  was  a  large  amount  of 
fibrous  tissue.  In  a  few  instances  the  section  was  crowded  with  leucocytes 
but  no  cause  for  this  could  be  made  out.  No  constant  arrangement 
of  the  numerous  small  vessels  could  be  discovered.  The  appearance 
of  the  section  never  bore  any  relationship  to  the  cause  of  death. 

I  carefully  examined  all  these  ganglia  with  regard  to  their  size,  and 
found  it  varied  as  much  as  does  that  of  the  superior  cervical,  and  that 
these  variations  were  quite  independent  of  the  cause  of  death. 

Sections  were  made  of  nine  splanchnic  nerves,  and  although  some 
of  them  were  attached  to  semilunar  ganglia  whose  nerve-cells  were 
degenerate,  these  nerves  were  always  healthy. 

Table  D  shows  the  appearances  of  the  semilunar  ganglia  taken  from 
eighteen  mammals  lower  than  man ;  the  nerve-cells  of  all  were  examples 
of  tlic  normal  type. 

These  results  so  agree  with  those  arrived  at  on  examination  of 
the  superior  cervical  ganglion,  that  we  may  probably  conclude  that, 
although  the  semilunar  ganglia  in  the  lower  mammals  and  in  young 
human  beings  are  functionally  active,  in  human  adults  their  nerve-cells 
have  degenerated  and  become  functionally  inactive,  but  the  nerve  fibres 
always  retain  their  structure  and  function. 

The  superior  cervical  and  semilunar  are  the  two  largest  collateral 
ganglia  in  the  body,  therefore  I  suspect  that  the  conclusions  concern- 
ing tbem  to  which  we  have  arrived,  may  be  applied  to  all  the  collateral 
ganglia.  As  supporting  evidence  I  would  urge  that  degenerate  nervous 
striiriuros  arc  known  U»  exist  in  the  human  adult,  for  (laskell  (Med. 
Chir.  Trans.  Vol.  LXXT.  p.  361)  has  described  a  degenerate  ganglion  on 
the  root  of  the  third  cranial  nerve,  and  probably  the  medullary  portion 
of  the  suprarenal  organ  should  be  regarded  as  an  instance  of  degenera- 
tion, for  it  is  of  considerable  size  in  the  foetus,  but  in  the  human  adult  is 
very  small  indeed  in  proportion  to  the  whole  body. 

PIT.  X.  -i^ 
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In  order  to  see  whether  the  lateral  ganglia  resemble  the  collateral 
I  prepared  the  thoracic  ganglia  taken  from  twenty- four  patients.  Many 
sections  of  each  were  examined,  and  in  most  cases  the  ganglia  were 
taken  from  both  sides  of  the  body.  The  results  will  be  found  in  Table 
E,  which  consists  of  two  parts,  the  first  containing  a  description  of  the 
fii-st  thoracic  ganglia,  the  second  an  account  of  thoracic  ganglia  below 
the  ilrst.  The  first  thoracic  ganglia  were  examined  in  15  pereons  dying 
of  various  diseases.  Those  from  the  three  youngest,  viz.  a  child  of 
five  months,  and  two  men  aged  respectively  nineteen  and  twenty- 
three,  showed  perfectly  normal  nerve  cells,  which  were  large,  distinct, 
nucleated,  neither  granular,  nor  pigmented,  and  the  nerve  cells  were 
similar  to  these  in  sections  tiikcn  from  patients  aged  27,  35,  3G,  41,  and 
58.  The  nerve  cells  were  slightly  granular  and  pigmented,  and  there- 
fore might  probably  be  considered  as  showing  some  evidence  of  degene- 
ration in  patients  whose  ages  at  death  were  24,  41,  57,  59,  60,  62,  63, 
but  in  none  of  these  did  the  cells  ever  show  the  extremely  granular 
and  pigmented  condition  a&sociated  with  atrophy,  which  is  common  in 
the  superior  cervical  and  semilunar  ganglia  of  human  adults.  On 
comparison  of  the  ages  of  the  two  sets  of  patients,  it  will  be  seen  that 
those  in  whom  the  cells  showed  neither  granular  nor  pigmentary  change, 
were  much  younger  than  those  in  whom  this  condition  was  present. 
The  average  age  of  the  former  is  30,  of  the  latter  52.  As  the  infi^rior 
cervical  ganglion  is  often  blended  with  the  first  thoracic,  the  sections 
were  always  taken  from  the  lower  half. 

Thoracic  ganglia  below  the  first  were  cxaininod  in  nine  jKJi'sons,  Tn 
six  the  nerve  cells  were  large,  well  formed,  and  showed  neither  gmnular 
nor  pigmentary  change.  In  three  this  condition  was  present,  but  it 
never  existed  in  the  extreme  degree  so  common  in  the  superior  cervical 
and  semilunar  ganglia.  Unfortunately  the  ages  of  these  three  patients 
are  not  stated,  but  they  died  of  maladies  much  more  common  in  adults 
of  middle  or  later  life,  than  in  younger  persons. 

I  think  this  examination  of  lateral  ganglia  is  siifiicient  to  enable 
us  to  assert  that  they  do  not  resemble  collateral  in  the  extreme  degree 
of  degeneration  which  these  always  present  in  human  adults,  but 
that  in  old  age  they  show  slight  evidence  of  degeneration.  This  is 
supported  by  the  fact  that  thoracic  ganglia  are  much  more  constant 
in  their  size  than  are  the  superior  cervical  and  semilunar. 

In  the  same  person  similar  thoracic  ganglia  from  opposite  sides  of 
the  body  exactly  resemble  each  other.  The  nerve  fibres  are  always 
healthy  in  appearance.     There  is  nothing  noteworthy  about  the  fibrous 
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stroma.  Tlie  capsule  of  the  cells  is  usually  beautifully  nucleated.  The 
arrangenieut  of  the  vessels  is  that  there  are  a  number  of  small  ones 
which  run  parallel  to  the  long  axis  of  the  ganglion.  Occasionally  some 
louiMXjytes  maybe  seen  in  the  meshes  of  the  fibrous  tissue.  The  sex  and 
cause  of  death  do  not  influence  the  appearance  of  the  ganglion. 

The  conclusions  which  I  would  draw  from  these  two  papers  are: — 

Firstly;  that  in  lower  mammals  and  young  human  beings  the  col- 
lateral ganglia  (if  we  may  judge  from  the  superior  cervical  and 
s*Mnilunar)  are  functionally  active,  but  that  in  monkeys  there  are 
evidences  of  the  commencing  loss  of  their  function  which  has 
completely  disappeared  in  the  human  adult. 

Secondly;  that  iu  man  the  function  of  the  lateral  ganglia  is  main- 
tained well  into  adult  life,  and  only  begins  to  disappear  in  old 
ag<».. 

In  the  following  tables  the  nerve  cells  are  frequently  described  very 
briefly,  but  iu  those  cases  the  description  of  sympathetic  cells  which  I 
have  given  in  the  previous  number  of  this  Journal  may  be  taken  to 
apply. 


TABLE   A. 

A  list  of  JIuman  Superior  Cervical  (lanylia,  arranged  according  to  (he 
wje  fU  detiiJif  Hlwwimj  caiise  o/ death,  and  histological  aj^pearance. 

1.  Disease  of  knee.     Age  2. 

Cells  well  formed  and  look  healthy. 

2.  Diphtheria.     Ago  2\. 

Colls  siimll  hut  luialtliy  looking,  much  connective  tissue. 
.'K      l)ip1i(h(M-ia.     Agn  1. 

Cells  large,  numerous,  distinct,  and  he«dthy  looking. 

4.  Typhlitis.     Age  10. 

M:my  of  the  cgUh  are  smull  but  tht-y  look  healthy. 

5.  Fractured  skull.     Age  21. 

Nerve  cells  ai-e  very  small  and  shrunken,  much  connective  tissue. 

0.     Suppumting  kidnoy.     Ago.  21. 

8onio  of  the  nerve  c<*,IIs  are  small,  others  arc  granular  and  pig- 
mented. 

7.     Phthisis.     Age  2G. 

The  cells  are  mostly  granular,  some  are  pigmented  and  some  are 
shrunken,  there  is  much  connective  tissue. 
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8.  Phthisis.     Age  27. 

The  few  cells  that  can  be  seen  are  small  and  degenei-ate. 

9.  Cystitis.     Age  31. 

The  cells  are  healthy  looking. 

10.  Typhoid.     Age  42. 

Some  of  the  cells  are  granular,  some  are  pigmented,  there  is  much 
fibrous  tissue. 

11.  Acute  pneumonia.     Age  41. 

Many  of  the  cells  are  granular  and  shrunken. 

12.  Gangrene  of  the  foot.     Age  42. 

A  few  cells,  and  they  ai'e  small,  granular,  and  pigmented. 

1 3.  Phthisis.    Age  42. 

The  cells  are  small  and  indistinct,  and  there  is  much  connective 
tissue. 

14.  Amputation  of  thigh.     Age  42. 

Nothing  but  connective  tissue,  with   a  few  small  cells  in  tlie 
interstices. 

15.  Abdominal  cancer.     Age  48. 

Cells  small,  shrunken,  granular,  and  pigmented. 

IG.     Acute  dermatitis.     Age  50. 

There  are  very  few  cells,  and  they  are  small  and  degenerate. 

17.  Strangulated  hernia.     Age  55. 

There  are  but  few  cells,  and  they  are  small,  atrophic,  and  granular, 
with  mucli  connective  tissue. 

18.  Malignant  disease  of  the  pleura.     Ago  Gl. 

Only  a  few  cells  and  they  are  degenerate,  there  is  much  connective 
tissue. 

19.  Acute  pericarditis.     Age  65. 

Some  cells  are  granular,  very  few  show  any  nucleus ;  there  is  much 
connectivo  tissue. 

20.  Disease  not  Htatc<l.     Age  70. 

A  very  few  cnlls,  and  what  there  are  prosont  are  gmnular  und 
shrunken,  there  is  much  connective  tissue. 

21.  Strangulated  hernia.     Age  70. 

Cells  nothing  but  masses  of  pigment,  there  is  much  fibrous  tissue. 

22.  Granular  kidneys.     Age  71. 

The  cells  are  very  small  and  nearly  all  of  them  are  granular  and 
pigmented. 
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TABLE  B. 

A  list  of  Mammalian  Superior  Cervical  Ganglia  with  hisioloffical 
appearances,  probable  age  and  cause  o/decUli. 

A.  Catarrhina. 

1.  Rhesus  Monkey  (Macacus  rhesus). 

About  8  years  old ;  cause  of  death  doubtful. 
Cells  large,  neither  granular  nor  pigmented. 

2.  Bonnet  Monkey  (Macacus  sinicus). 

Juvenile ;  cause  of  death  rickets. 
Large  well-formed  nerve  cells  and  fibres. 

3.  Large  white  nosed  Monkey  (Cercopithecus  petaurista). 

About  3  years  old ;  cause  of  death  ascites. 
Plenty  of  largo  well  formed  nerve  cells. 

4.  Anubis  Baboon  (Cynocephalus  anubis). 

About  5  years  old :  cause  of  death  periostitis. 

Several  of  the  cells  are  granular  and  pigmented,  the  others  arc 

normal,  the  section  is  crowded  with  leucocytes. 

B.  Carnivora. 

5.  Lion  (Felis  leo). 

Still  bom. 

OoIIb  v(3ry  well  formed  and  hcaltliy  looking. 
G.     Spottod  Jlyojim  (llyiiiua  cixx;uta). 
Aged ;  uiuso  of  dc^th  doubtful. 
Cells  large,  distinct,  and  well  formed. 

7.  Polar  Bear  (Ursus  maritimus). 

Young,  9  months  in  Gardens ;  cause  of  death  doubtful. 
The  nerve  cells  are  all  healthy. 

8.  Polnr  Boar  (Ursus  maritimus). 

Young ;  cause  of  death  abscess  of  jaw. 

All  the  nerve  cells  are  distinct  and  healthy  looking. 
1).     Polecat  (Mustela  putorius). 

Adult,  2  years  in  Gardens ;  body  not  examined. 

Cells  typically  normal. 
10.     Spectacled  Bear  (Ursus  ornatus). 

Very  old ;  cause  of  death  renal  calculus. 

Cells  pci'fectly  normal, 
n.     Otter  (Luti-a  vulgaris). 

Juvenile ;  no  cause  for  death  found. 

Large  distinct  cells,  well  formed,  healthy. 
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12.  Crab-oating  Raccoon  (Proojon  cancrivorus). 

Aged ;  caiiso  of  death  goiti^. 
Nerve  cells  perfectly  normal. 

C.     Unoulata. 

13.  Thar  (Joat  (Capi*a  jeinhiicii). 

7  years  in  Gardens  \  cause  of  death  abscess  of  cheek. 

Section  crowded  with  leucocytes,  but  the  nerve  cells  arc  |»erfectly 
healthy. 

1 4.  Axis  Deer  (Cervus  axis). 

Still  bom. 

Nerve  cells  perfectly  normal. 

15.  Michies  Tnftcd  Deer  (Elophodus  Michianu.s). 

Aged ;  cause  of  death  bronchitis. 

All  the  cells  that  are  to  be  seen  are  i>errectly  nortnul. 

16.  Bosch  Bok  (Tragelaphus  sylvaticus). 

6  years  in  the  Gardens ;  no  cause  of  death  found. 
Cells  ^K3rfcctly  normal. 

17.  Wliito  Collared  Poocary  (Dicotylcs  tjija^'u). 

8  yeai's  old ;  cause  of  death  not  found. 
Cells  normal. 

18.  White  Lipped  Peccary  (Dicotyles  labiatus). 

Aged ;  cause  of  death  peritonitis. 
Large  normal  nerve  cells. 

19.  Indian  Muntjae  (Cervulus  muntjae). 

Adult,  5  years  in  Gaixlens ;  cause  of  death  not  found, 
lletilthy  nerve  cells. 

20.  Moose  (Alces  machlis). 

Adult  j  cause  of  death  tuberculosis  of  liver. 

D.      RODENTIA. 

21.  Hairy  RumiMid  Agouti  (DsLsyproctsi  pryninoloplui). 

Adult,  4^  yeai's  in  Gardens;  uuise  of  duith  not  found. 
Cells  well  formed,  normal  looking. 

E.     Mabsupialia. 

22.  Gi*eat  Kangaroo  (Macropus  giganteus). 

Adult,  3  yeai's  in  Gardens ;  l)ody  not  examined. 
Cells  large,  well  Ibrnicd  and  healthy. 
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TAULK  0. 

A  list  of  Uiiumn  Setnilutuir  Gawjliii  shnviiuj  Uie  microscopical 

appearances  and  cause  of  dwXii. 

1.  Duibetes. 

There  are  but  few  cells  aud  they  aro  indistinct,  much  counectlve 
tissue. 

2.  Diiibetes. 

Cells  very  small  and  shrunken. 

3.  Diabetes. 

Cells  very  small,  pigmented,  granular  aud  degenerate,  thoi*e  is  a 
large  amount  of  fibrous  tissue. 

4.  Diabetes. 

Fellow  giingliou  to  the  last,  the  siviiie  description  a]>plios. 

5.  Idiopathic  Antcmia. 

Ct^lls  Hiiiall,  pigiiieutod,  Khriinknii,  there  is  a  large  amount  of  (ibraiis 

tissue. 
G.     Anthi*ax. 

Many  of   the  cells  are   obscure   in    their  outline,  granular  and 

pigmented,  the  others  are  nonnal. 
7.     Cancer  of  the  Bladder. 

Some  of  the  cells  arc  pigmenlod,  otIiei'S  are  largo  aud  well  formed. 
S.     Aortic  DiseiiHc. 

Exactly  like  the  last 
U.     Bronchopneumonia  (child,  aged  3). 

Cells  are   beautiful   examples   of  normal   nerve   celli<,  with  well 

marked  processes,  and  distinct  nuclei. 

10.  Cancer  of  Bladder. 

Cells  very  pigmented  aud  granular,  and  there  is  much  fibrous  tissue. 

1 1.  Sarcoma  of  Tel  vis. 

Cells  aro  reduced  to  minute  masses  of  granular  pigment. 

1 2.  Cirrhosis  of  the  Liver  and  granular  Kidney. 

A  few  of  the  cells  are  pigmented,  the  rest  ai*e  large  and   well 
defined,  there  is  much  connective  tissue. 

13.  Chronic  Bright's  Disease. 

Large  well  formed  healthy  looking  cells, 
li.     Cancer  of  the  BLxdder. 

The  cells  are  noUiing  but  minute  masses  of  granular  pigment. 
1'3.     Aortic  Aneurism. 

Exactly  like  the  last. 
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16.  Ruptured  Intestine. 

A  fow  of  tlie  cells  are  smtiU  and  pigmented,  the  rest  are  licsillliy 
looking. 

17.  Aortic  Disease. 

The  cells  are  minute  masses  of  granular  pigment. 

18.  Phthisis. 

The  cells  are  large  and  well  formed. 

1 9.  Tumour  of  the  Brain. 

Some  of  the  cells  ai*e  pigmented  and  granular. 

20.  Myxoddema. 

The  cells  are  well  formed  and  healthy  looking. 

21.  Chronic  Bright's  Disease. 

Cells  are  indititinct  and  there  is  no  nucleus. 

22.  Chronic  Bright's  Disease  (another  case). 

Exactly  like  the  last 

23.  Purpura  Heemorrhagica. 

The  section  is  crowded  with  leucocytes,  but  the  nerve  cells  appear 
normal. 
21.     Diphtheria  (child). 

The  cells  are  perfectly  normal  nerve  cells. 

25.  Scald  (child). 

Exactly  like  the  last. 

26.  Aortic  and  Mitral  Disease. 

The  cells  are  small  and  granular. 

27.  Cerebral  Hemorrhage. 

Like  the  last. 

28.  Disease  not  stated. 

The  cells  are  nothing  but  minute  masses  of  granular  pigment. 
21).     Diabetes. 

Cells  large,  but  very  granular  and   pigmented,  there  are   many 
leucocytes. 

30.  Diabetes. 

Some  of  the  cells  ai*e  granular. 

31.  Diabetes. 

Many  small  degenerated  pigmented  cells,  but  the  section  is  crowded 
with  leucocytes. 

32.  Phthisis. 

The  cells  are  normal,  but  there  are  many  leucocytes. 

33.  Sarcoma  of  Breast 

The  cells  are  normal. 
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TABLE  D. 
List  of  Semilunar  Ganglia  iahenfrom  the  lower  anwude, 

A.  Catabrhina. 

1.     Talapoin  Monkey  (Cercopithecus  talapoin). 

The  sectioiis  are  almoBt  entirely  occupied  by  large  well  formed  cells, 

each  with  a  distinct  nucleus  but  no  processes.     There  is  no  trace  of 

granulation,  pigmentation,  shrinking,  or  degeneration,  all  the  cells 

liiivo  fi  diRbiiict  nucleus. 
%     Bonnet  Monkey  (Macacus  sinicus). 

Tlio  cells  here  are  exactly  like  those  in  the  last  specimen.     The 

ganglion  has  a  rather  thicker  fibrous  sheath  than  is  usual. 
3.     Arabian  Baboon  (Oynocephalus  hamadryas). 

The  description  of  the  first  specimen  applies  exactly  to  this. 
'1.     Green  Monkey  (Cercopithecus  callitnchus). 

The  cells  are  very   numerous  and  very  closely  packed,  but  the 

dcHcription  of  those  in  the  first  specimen  applies  to  these  also. 
5.     Uhcsus  Monkey  (Macacus  rhesus). 

The  saDie  description  holds  for  these  specimens  also,  save  that  the 

section  is  crowded  with  leucocytes. 
C.     Malbruok  Monkey  (Cercopithecus  cynosurus). 

These  colls  too  are  well  formed,  well  nucleated,  without  any  traoo 

of  gnmular  or  pigiiioiitary  change. 

7.  Macaque  Monkey  (Macacus  cynomologus). 

The  cells  here  ara  exactly  like  those  in  the  previous  described 
specimens. 

B.  Cabnivora. 

8.  Philippine  Paradoxure  (Paradoxurus  philippensis). 

The  cells  are  large,  well  formed,  perfectly  healthy  looking,  well 
niich\*it(Ml,  without  any  granular  or  2)igmcntary  change. 

9.  Suricata  (Suricata  tetradactyla). 

Cells  like  those  pi*evioiisly  described. 

10.  Coninioti  Genet  (Genetta  vulgaris). 

Cells  like  those  previously  described. 

1 1.  Virginian  Fox  (Canis  virginianus). 

Cells  liko  those  previously  described. 

12.  G risen  (Galietis  vittata). 

The  ctills  arc  exactly  liko  those  previously  described ;  the  sections 
contain  many  leucocytes. 

13.  Common  Cat  (Felis  cattus). 

The  cells  are  exactly  like  those  previously  described. 
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H.     Blotolied  Genet  (Genotta  bigrina). 

The  cells  are  exactly  like  those  pi'eviously  described 

C.       HODENTIA. 

1 .1.     Spotted  Cavy  (Ciulogenys  pivcu). 

The  colls  are  exactly  like  those  previoiisly  dcsc^b(^(l. 
1 G.     Squirrel  (Sciurus  [sp.  incert.]). 

The  cells  are  exactly  like  tliOHO  pi-oviously  described. 

]).     Marsupialia. 

17.  Vulpine  Phalaiiger  (Phalangista  vulpina). 

Exactly  like  the  specimens  previously  described. 

18.  Opossum  (Didelphys  virginianus). 

The  cells  are  exactly  like  those  prcviounly  described ;    tluire   arc 
several  leucocytes. 
In  all  the  above  specimens  the  nerve  fibres,  blood  vessels  and  supporting 
tisiiue  were  normal. 

TABLE   E. 
List  of  Unman  Thoracic  Ganglia. 

A.     b^iiisT  TiioitACic  Ganglia,  with  cause  ot*  death,  sex,  and  ago. 

1.  Cleft  Palate,  Bronchopneumonia.     K,  5  months. 

Ganglia  small,  and  the  nerve  cells  also,  they  fill  their  capsules,  are 
well  formed,  nucleated,  neither  giuuular  nor  pigmented;  nerve 
fibres  healthy ;  the  ganglia  from  the  two  sides  are  precisely  alike. 

2.  Kuptured  Kidney.     M.,  19. 

Nerve  colls  large,  iill  their  capsules,  no  pignientnry  nor  gnuuilar 
changes,  many  have  a  distinct  nucleus,  some  have  not;  nerve 
fibres  healthy ;  there  ai*e  many  blood  vessels  which  run  pai-allcl  to 
one  another  through  the  length  of  the  ganglia ;  those  from  the  two 
sides  are  precisely  alike. 

;t.     Gcrebiul  and  Hepatic  Abscesses.     M.,  23. 

Nerve  cells  are  all  large,  completely  fill  their  capsules,  are  neither 
granular  nor  pigmented;  nerve  fibres  hoalthy  ;  this  ganglion  h:is  a 
particularly  tliick  investment  of  fibrous  tissue ;  the  two  are  similar. 

'1.     Psoas  Abscess,  Lardaceous  Disease.     M.,  24. 

Many  of  the  nerve  cells  are  small,  but  they  all  fill  their  ca|>sules 
and  sevei'al  of  them  are  a  fair  size ;  some  have  nuclei,  some  have 
not ;  several  are  granular  and  a  few  are  pigmented,  but  I  cannot 
make  out  that  these  changes  bear  any  relationship  to  their  size  and 
'  none  ait)  smaller  than  their  Ciipsules ;  the  section  is  full  of  siiudl 
leucocyte- like  cells;  both  ganglia  are  alike. 
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5.     Pueiperal  Peritonitis.     F.,  27. 

Nerve  cells  large,  rounded,  fill  their  capsules,  neither  granular  nor 
pigmented,  in  most  the  nucleus  is  very  distinct ;  the  nuclei  of  Uk! 
capsule  show  very  well ;  the  nerve  fibres  are  healthy,  and  the  two 
ganglia  arc  alike. 

G.     Phthisis.     F.,  35. 

Many  nerve  cells  are  i-ounded,  and  distinct  without  any  granular  or 
pigmentary  change,  iu  some  the  nucleus  is  not  very  evident ;  there 
are  no  processes ;  the  two  ganglia  ai*e  quite  alike. 

7.  AueiuiHm  of  the  Aorta.     M.,  3G. 

These  ganglia  are  exactly  like  the  lust,  and  the  two  ganglia  are 
quite  similar. 

8.  Phthisis  and  Bronchitis.     F.,  41. 

The  cells  are  well  formed,  distinctly  nucleated,  some  have  well 
marked  processes,  they  fill  their  capsules,  the  nuclei  of  which  are 
very  evident;  a  few  of  the  nerve  ci^ls  show  some  gruiuilnr  pigment, 
but  this  never  implicates  the  nucleus  which  always  stands  out 
prominently;  there  are  no  small  atrophic  cells;  the  nerve  fibres 
are  heivlthy ;  the  two  ganglia  are  quite  alike. 

9.  Bronchitis  and  Emphysema.     F.,  41. 

Most  of  the  cells  are  beautiful  examples  of  the  rounded  type,  but  a 
few  have  processes ;  the  nucleus  is  distinct,  and  there  is  no 
gmnul.-ir  change  or  pigmentation,  they  completely  fill  their  capsules, 
which  aro  well  nucleated ;  the  ganglion  is  very  vascular,  being 
])ervadod  by  numbers  of  small  vessels  running  pai*allel  through  its 
length ;  tlie  two  ganglia  are  alike. 

10.  Fractured  Ribs,  oedema  of  the  Lungs.     M.,  57. 

Most  of  the  cells  are  granular  and  slightly  pigmented,  and  a  very 
few  are  abnormally  small,  but  all  fill  their  capsules,  and  none  are 
without  a  distinct  nucleus,  nor  are  there  any  so  pigment<Hl, 
granular  and  shrnnken  as  one  often  sees  them  in  other  ganglia; 
the  fibres  are  healthy,  and  the  two  ganglia  are  alike. 

1 1.  Fractured  femur,  Bronchitis.     M.,  58. 

The  cells  are  large,  rounded,  and  distinct,  without  any  pigmen tui- 
tion, or  granular  degeneration ;  the  nucleus  shows  well ;  there  aro 
many  vessels  all  running  through  the  ganglion  parallel  to  its  long 
axis;  the  nerve  fibn^t  are  he^dtliy  ;  the  two  ganglia  are  alike. 
1  '1.     Cancer  of  the  (Jlldophagus.     M.,  59. 

Most  of  the  cells  are  large  and  well  formed,  sending  distinct 
processes  to  the  edge  of  the  capsule;  some  of  the  large  ones  arc 
slightly  granular,  and  a  few  are  small  granular  masses  which  only 
half  fill  their  capsules.     Although  these  cells  i*csemble  those  uf'teu 
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seen  in  the  superior  cervical  ganglion,  they  are  not  nearly  so 
degenerate  as  is  commonly  the  case  in  this  ganglion;  the  nerve 
fibres  are  healthy ;  the  two  ganglia  are  alike. 

13.  Cerebral  Vomiting.     Nothing  found  at  the  autopsy.     M.,  60. 

Most  of  the  cells  are  large,  neither  granular  nor  pigmented,  but 
some  are  small,  slightly  granular  and  a  little  pigmented,  both 
varieties  are  well  nucleated ;  the  two  ganglia  are  alike. 

14.  Cirrhosis  of  Liver.     M.,  62. 

Numerous  large,  rounded,  nucleated  nerve  cells  without  any  pro- 
cesses, they  fill  their  ca[>sules  which  are  well  nucleated,  a  few  show 
a  little  granular  change  at  the  edge ;  the  two  sections  ara  alike. 

It').     Cancer  of  (Esophagus.     M.,  63. 

The  cells  aro  largo,  i*onnded,  well  formed  and  distinct;  many  iira 
granular  and  pigmented,  but  most  that  are  in  this  condition  are 
large  and  well  nucleated,  a  few  are  smaU,  but  even  in  them  thei-e 
are  large  well  formed  nuclei ;  there  are  none  of  the  minute  masses 
of  granular  pigment  so  often  met  with  in  the  superior  cervical 
ganglia ;  the  two  ganglia  are  similar.  In  this  as  in  all  the  preced- 
ing specimens  the  nerve  fibres  are  healthy. 

13.     TuoHACio  Oanulia,  below  tlio  firat 

16.  Acute  Tuberculosis,     ^t.  19. 

Cells  typically  normal,  large,  well  formed,  neither  granular  nor 
pigmented,  fill  their  capsules;  there  are  many  vessels  and  a  few 
leucocytes. 

17.  Fractured  Skull.     Mi,  45. 

This  8i)ecimen  is  exactly  like  tlio  last. 

18.  Cirrhosis  of  the  Liver.     ^Et.  47. 

The  cells  are  large,  well  formed,  and  perfectly  healthy ;  there  are 
many  leucocytes. 

19.  Diabetes. 

Cells  large,  nucleated,  neither  gittniilar  nor  pigmented. 

20.  Cause  of  death  not  stated. 

Cells  exactly  as  in  the  last  specimen. 

21.  Diabetes. 

Many  of  the  nerve  cells  are  small  and  granular  with  a  good  deal  of 
pigmentation;  there  are  several  leucocytes;  the  ganglia  on  both 
sides  are  alike. 

22.  Fi-actured  Thigh. 

Nearly  all  the  cells  are  large,  well  developed,  fill  their  capsules 
and  look  like  healthy  nerve  cells,  but  a  few  are  faintly  giiiiiuliir, 
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and  some  of  thetie  are  rather  smaller  than  the  rest ;  the  correspond- 
ing ganglia  on  opposite  sides  are  similar. 

23.  Diabetes. 

Tlie  cells  arc  perfectly  healthy  looking,  there  are  a  great  many 
vessels  in  the  sections  and  many  leucocytes ;  the  ganglia  on  the 
two  sides  are  alike. 

24.  Diabetes. 

Most  of  the  cells  are  large  and  distinctly  nucleated,  many  are 
gramilar  and  slightly  pigmented,  but  the  nucleus  always  remains 
distinct ;  a  few  of  the  colls  are  small ;  thora  are  many  leucocytes ; 
tlie  ganglia  from  the  two  sides  ai*e  similar. 


THE  INNERVATION  OF  THE  RENAL  BLOOD  VES- 
SELS'. By  J.  ROSE  BRADFORD,  M.B,  D.Sc. ;  Gecyrge 
Henry  Lewis  Student.    Plates  XXIII — XXVI. 

(From  tfie  Physiological  Laboratory  of  University  College,  fjondo)).) 

The  work,  of  which  the  following  is  an  account,  was  begun  in  1887 
at  the  suggestion  of  Dr  Foster  and  Dr  Qaskell,  and  to  thera  my  best 
thanks  are  due  for  much  valuable  advice  and  assistance  on  many  occa- 
sions. It  seemed  desirable,  in  the  light  of  QaskelTs*  well-known  work 
on  the  sympathetic  system,  to  attempt  to  map  out  the  origin,  course 
and  nature  of  the  renal  nerves  more  accurately  than  had  hitherto  been 
attempted.  More  particularly  it  was  important  to  decide  whether  the 
vascular  nerves  were  of  two  kinds,  vaso-constrictor  and  vaso-dilator,  or 
whether  the  latter  nerves  could  not  be  demonstrated  to  exist.  The 
research  was  carried  out  exclusively  on  dogs,  inasmuch  as  this  was  the 
animal  used  by  Qaskell  in  his  anatomical  researches  on  the  sympa- 
thetic, and  since  my  work  consisted  largely  in  going  over  his  results 
from  the  stimulation  point  of  view,  it  was  obviously  desirable  to  use  the 
same  animal.  Further,  the  arrangement  of  the  vaso-motor  and  viscci-o- 
motor  nerves  in  the  dog  is  very  similar  to  what  obtains  in  man.  At 
any  rate,  this  deduction  is  justifiable  from  the  results  obtained  by 
anatomical  methods  in  the  dog  and  in  mnn,  and  so  wo  may  conclude 
perhaps  that  the  physiological  nature  of  the  nerves  in  the  two  is 
similar.  If  this  conclusion  is  considered  rather  unjustifiable  it  will  at 
least  be  conceded  that  the  dog  is  an  animal  in  which  there  will  be  at 
least  a  very  great  resemblance  to  man  in  regard  to  such  a  point  as  the 
general  arrangement  of  the  vaso-motor  nerves;  and  certainly  if  renal 
vaso-dilator  fibres  can  be  demonstrated  to  exist  in  the  dog,  we  may 
assume  their  existence  in  man.  For  these  reasons,  then,  amongst  others, 
all  the  following  obsorvations  wore  made  on  the  <l()g. 

*  An  abstract  of  this  paper  lia«  appoftvod  in  tlio  Pi*nr.  Roy.  Soc.  Voh.  21,  ISftO. 
5  Gaskell,  This  JoMr/m/,  Vol.  vti. 
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The  present  paper  will  be  divided  into  the  following  parts. 

I.  The  oinyin  and  coarse  of  (lie  vaso-coiistiictor  fibres, 

IT.  The  existence  and  course  of  the  vaso-dilator  fibres, 

III.  llie  plie7wntena  following  excitation  of  the  splanchnic  nerve. 

IV,  The  phenomena  following  excitation  of  the  peripheral  end  of  the 

divided  vagus. 
V.     Tlie  reflex  phenomena  of  (lie  renal  vessels, 
VI.     Conclusions. 


Method, 

Before  describing  the  results  of  this  research  it  will  bo  necessary  to 
describe  in  some  detail  the  method  employed. 

The  general  blood- pressure  and  the  volume  of  the  kidney  as  regis- 
tered by  Roy's  oncometer  were  recorded  on  the  blackened  surface  of  a 
kymograph,  simultaneously  with  a  time  tracing  and  a  lever  marking  the 
moment  and  duration  of  the  nerve  excitation.  In  this  way  the  local 
and  general  eflfcct  of  any  given  stimulation  were  both  recorded,  and  in 
this  manner  numerous  fallacies  were  avoided.  Thus,  for  instance,  it  could 
be  at  once  determined  by  mere  inspection  of  the  trace  whether  any 
given  dilatation  of  the  kidney  was  an  active  one,  or  due  merely  to  a  rise 
of  general  blood-pressure,  in  the  causation  of  which  the  kidney  vessels 
took  no  part. 

In  the  earlier  experiments  Roy's  oncograph  was  used  as  a  recording 
instrument,  but  more  lately,  at  Prof.  Schafer's  suggestion,  a  piston 
recorder  was  used.  Of  course  in  this  second  method  the  changes  in  the 
volume  of  the  kidney  appear  to  be  comparatively  slight,  as  the  effect  is 
not  in  any  way  magnified.  This  apparent  defect,  however,  really  presents 
many  ailvantag(3S,  juj  the  oncograph  is  inconvenient  where  the  changes 
in  volume  are  not  only  sudden  but  also  large. 

It  is  very  essential  in  these  experiments,  as  they  are  necessarily 
of  long  duration,  not  to  have  any  clotting  in  the  carotid  cannula,  and 
hence  a  half-saturated  solution  of  sodium  sulphate  was  used  in  the 
pressure  bottle. 

The  method  of  preparation  and  of  stimulation  of  the  nerves  was  as 
follows.  The  spinal  canal  was  opened  in  the  required  region  by  removal 
of  the  neural  arches,  and  the  roots  of  the  nerves  excited  after  bcinsr 
previously  divided.  Sometimes  the  entire  nerve  outside  the  dura 
mater  but  inside  tlie  bony  spinal  canal  was  stimulated,  after  division  of 
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the  posterior  root  inside  the  dura  mater.    Ab  a  nile  in  any  given  experi- 
ment some  three  or  occasionally  four  nerves  were  exposed,  but  it  is  de- 
sirable to  expose  as  short  a  length  of  cord  as  possible,  owing  to  the  great 
shock  produced  by  extensive  exposure  of  this  delicate  structure.    Inas- 
much as  the  exposure  of  the  nerves  is  the  most  difficult,  and  at  the 
same  time  the  most  important  part  of  the  preparation,  a  few  words  may 
here  be  added  as  to  the  actual  method  employed.     The  essential  points 
are  the  avoidance  of  shock  as  much  as  possible,  and  also  the  avoidance  of 
haemorrhage ;  the  latter  is  comparatively  easy,  the  former  is  best  avoided 
by  rapidity  of  operation,  and  also  by  not  exposing  a  greater  length  of 
cord  than  is  absolutely  necessary.     It  is  most  important  to  have  but 
litUo  haMuorrhage,  as  otherwise  the  bI(HMl-pres.sui*c  is  sure  to  prr^stMit 
great  oscillations,  due  to  imperfect  Traubc  curves.     For  these  reiLstins 
medium-sized  fox-terrier  dogs  of  about  25  lbs.  weight  were  used,  and 
having  been   deeply  anaesthetized  with   chloroform  or  chloroform  and 
morphia,  the  carotid  artery  and  the  kidney  were  prepared  in  the  usual 
way*.     An  incision   some  three  inches  long  was   then  made  over  the 
spines  of  the  dorsal  vertebrae  in  the  region  required,  and  the  skin  and 
subcutaneous  fat  cut  through  down  to  the  spines.     The  vcrt^^bral  :i.|k>- 
neurosis  is  then  cut  through  on  each  side  of  the  spines.     The  mass  of 
erector  spinae  is  now  rapidly  separated  from  the  bones  by  a  few  touches 
of  the  knife,  the  bleeding  being  controlled  partly  by  the  fingers  of  the 
left  hand  compressing  the  muscles  as  they  are  separated,  and  partly  by 
sponges  pressed  firmly  into  the  wound  by  an  assistant.    After  a  few 
moments'  firm  pressure  the  sponges  are  taken  out  and  all  the  bleeding 
points  picked  up  with  Spencer  Wells'  artery  forceps.    The  muscles  are 
then  further  separated  from  the  vertebrae,  until  the  transverse  processes 
and   ribs  are  quite  clearly  exposed  at  the  bottom  of  the  wound,  the 
dorsal  branches  of  the  intercostal  arteries   being  seized  with  Spencer 
Wells'  forceps  as  soon  as  they  are  cut.     If  the  operation  be  done  rapidly 
as  above  described,  there  is  far  less  bleeding  than  if  the  attempt  Ih) 
HKulc  t.o  8e]Kirato  the  uiusclas  gnulually  and  .so  avoid  the  V(*.ss(!Ih,  which 
as  a  rule  is  impossible.     All  the  larger  vessels  are  tied  or  twisted,  and 
the  oozing  i3  arrested  by  firm  pressure  with  sponges  for  a  few  minutes. 
The  bone  forceps  are  then  applied  and  the  spines  and  neural  arches 
wrenched  off,  the  spinal  cord  enclosed  in  the  dura  mater  being  thus 
exposed.     All  bleeding  being  now  arrested  by  torsion  or  ligature,  the 
wound  is  packed  with  cotton  wool,  the  kidney  is  then  placed  in  the 
oncometer,  and  the  cannula  in  the  carotid  connected  with  the  mercurial 

^  Bradford  and  Phillips,  This  JoumaU  Vol.  yiii.  p.  117. 
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manometer.  On  now  removing  the  cotton-wool  it  will  be  found  that  the 
cord  is  exposed  at  the  bottom  of  a  wound,  which  is  practically  dry,  all 
the  hasmorrhage  having  been  stopped.  It  is  absolutely  essential  to  the 
success  of  these  experiments  not  to  have  the  cord  lying  at  the  bottom  of 
a  pool  of  blood,  as  then  it  is  impossible  to  stimulate  in  such  a  manner  as 
to  avoid  spreading  of  the  current. 

The  dura  mater  is  now  opened  and  the  posterior  roots  are  then  gently 
lifted  up,  ligatured,  and  divided  distally  to  the  ligature,  the  ligatured 
central  end  being  thus  ready  for  excitation.  For  efferent  effects,  the 
entire  nerve  outside  the  dura  mater  wius  excited,  as  just  mentioned, 
after  the  previous  section  of  the  posterior  root.  As  will  be  noticed  more 
fully  below  this  is  pitictically  e(iuivalent  to  excitation  of  an  anterior  root, 
since  no  effects  are  seen  to  follow  the  stimulation  of  the  peripheral  end 
of  a  posterior  root.  Moreover,  this  method  possesses  the  very  great  advan- 
tage of  there  not  being  neai'ly  so  much  danger  of  spreading  to  the  cord, 
as  when  an  anterior  root  is  excited  inside  the  dura  mater;  however  in 
many  cases  this  latter  mode  of  stimulation  was  used.  In  order  to  still 
further  diminish  the  risk  of  confounding  the  results  of  efferent  stimula- 
tion with  those  dependent  on  spreading  of  the  current  to  the  cord  and 
the  subse(iuent  production  of  reflex  effects,  the  spinal  cord  was  divided 
transversely  at  the  upper  limit  of  the  wound.  In  this  manner,  as  proved 
by  the  results,  practically  all  danger  of  spreading  was  eliminated. 

The  lower  dorsal  and  up[M)r  lumbar  nerves  can  be  reached  far  more 
easily  than  the  upper  dorsal,  and  fortunately  most  of  the  kidney  nerves 
run  in  these  lower  dorsal  nerves.  When  observations  were  made  on  the 
splanchnic  nerve  this  nerve  was  reached  from  behind  by  the  resection  of 
one  or  two  of  the  lowest  dorsal  nerves. 

The  anaesthetic  used  was  always  chloroform,  in  many  cases  morphia 
as  well  was  given,  but  it  is  necessary  to  be  careful  with  the  latter  drug, 
as  large  doses  of  it  apparently  paralyse  the  activity  of  the  vaso-motor 
nerves^  so  that  excitation  of  the  nerves  produces  no  peripheral  effects. 
Further,  it  is  probable  that  the  vaso-dilators  are  more  readily  affected  by 
morphia  than  the  vaso-constrictors.  In  doses  which  render  the  subse- 
quent administration  of  the  chloroform  more  easy  morphia  has  but  little 
efftMtt  in  impairing  the  activity  of  these  nerves,  and  as  is  so  well  known, 
it  makes  the  chloroform  narcosis  much  dcei>er,  and  at  the  same  time  more 
constant  and  hence  safer.  Finally,  when  everything  was  ready  the 
animals  were  curarizcd,  and  artificial  respiration  (the  air  being  blown 
over  chloroform)  maintained  in  the  usual  manner.     In  this  paper  the 

^  Coinparo  Brunton,  rJmrinacology  and  Therapeutics^  p.  771. 
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following  anatomical  nomenclature  will  be  adopted,  i.e.  that  the  dog  has 
"  twenty  dorso-lumbar  vertebrae,  of  which  thirteen  are  dorsal  and  seven 
lumbar*.**      This  is  no  doubt  the  usual  description;  some  authorities 
however  have  adopted  a  different  one,  owing  to  the  statement  that  the 
number  of  ribs  in  the  dog  is  somewhat  variable.    I  cannot  say  that  in  the 
course  of  my  observations  I  have  met  with  any  great  variety,  in  fact  I 
have  found  it  quite  exceptional  for  more  than  thirteen  ribs  to  be  present. 
It  is  necessary  to  state  this  much  about  the  method  of  nomenclature, 
since  it  is  different  to  that  adopted  by  Gaskell*  in  his  observations  on 
the  sympathetic  system.    It  is  obvious  that  the  10th  spinal  nerve  is  in 
both  cases  the  2nd  dorsal,  and  the  21st  nerve  is  the  13th  dorsal ;  but 
Tvhereas  with  Qaskell  the  25th  nerve  is  the  2nd  lumbar,  according  to 
the  nomenclature  adopted  here  the  23rd  nerve  will  be  the  2nd  lumbar, 
and  the  25th  nerve  the  4th  lumbar.    In  other  words,  Gaskell  recog- 
nises but  five  lumbar  vertebrae  instead  of  seven.    According  to  his 
anatomical  researches,  the  vaso-motor  and  viscero- motor  fibres  leave  the 
spinal  cord  in  the  roots  of  the  nerves  extending  from  the  10th  spinal  to 
the  25th  spinal  nerve.    That  is  to  say,  according  to  the  nomenclature  of 
the  present  paper,  from  the  2nd  dorsal  to  the  4th  lumbar.    Finally,  the 
method  of  stimuUUing  the  spinal  nerve  outside  the  dura  mator,  but 
before  it  leaves  the  spinal  canal,  would  be  considered  by  some  open  to 
criticism,  in  that  the  observations  are  then  made  on  the  entire  nerve 
and  not  on  the  roots.     There  are,  however,  many  advantages  in  this 
method     In  the  first  place  the  roots  themselves  are  exceedingly  soft, 
and  hence  it  is  difficult  to  stimulate  them  many  times  in  succession 
without  at  the  same  time  damaging  them,  whereas  the  nerves  outride 
the  dura  mater  are  dense  and  firm.     But  the  great  advantage  is  un- 
doubtedly the  avoidance  of  reflex  effects  due  to  spreading  of  the  current 
to  the  cord.  It  is  exceedingly  difficult  to  stimulate  roots  in  such  a  manner 
as  to  avoid  spreading  to  the  lateral  column  of  the  cord.     If  tlie  wound 
is  perfectly  dry  at  the  moment  of  excitation,  owing  to  the  heightened 
bloml-pressure  occurring  at  tlio  moment  the  vjiso-motor  effect  is  ]>ro- 
ducod,  blood  and  fluid  are  liable  to  accumulate,  leading  infallibly  to 
reflex  spreading  effects,  notwithstanding  the  lifting  up  of  the  nerve  and 
the  use  of  shielded  electrodes.    On  the  other  hand,  if  the  nerve  is  stimu- 
lated outside  the  dura  mater,  more  especially  if  it  has  been  previously 
cut  and  ligatured,  there  is  very  much  less  danger  of  this  happening.    Of 
coui*se  the  objection  made  is  that  this  method  does  not  differentiate  the 

^  Hazley,  Anatomy  of  Vcrtebrated  Animaht  p.  353. 
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fibres  of  the  anterior  from  thoso  of  the  posterior  roots,  but  a  number 
of  <>bscrv«ation8  were  made  on  the  effects  of  excitation  of  tlie  peripheral 
enil  «>f  divided  posterior  roots.  It  is  with  the  periphei*ai  end  of  anterior 
rool.s  tliat  tlic  difficulty  of  avoiding  spreading  to  the  lateral  column  of 
the  cord  arises,  it  is  not  so  difficult  to  avoid  this  with  the  peripheral 
end  of  the  posterior  roots.  In  no  case,  however,  was  any  efTect  obtained 
when  the  peripheral  end  of  a  divided  posterior  root  was  excited  after 
having  been  ligatured  and  lifted  up  out  of  the  wound.  This  is  quite 
in  accord  with  GaskelTs*  observations  on  the  nervi  erigentes  in  tlic 
rabbit ;  so  the  conclusion  was  arrived  at  that,  at  any  rate  as  regards  the 
kidney,  there  is  no  evidence  in  favour  of  the  existence  of  eflFerent  vaso- 
motor fibres  in  the  posterior  roots,  such  as  Strieker*  thinks  to  be  the 
case  for  the  nerves  of  the  hind  limb.  It  will  be  however  more  conveni- 
ent to  discuss  Strieker's  results  at  the  end  of  this  paper.  Hence  we 
may  conclude  that  the  excitation  of  the  entire  nerve  cut  and  ligatured 
and  excited  outside  the  dura  mater  is  practically  equivalent  to  the 
stimulation  of  an  anterior  root.  This  is  confirmed  by  the  fact  that  the 
results  of  this  mode  of  excitation  are  similar  to  those  obtained  by 
exciting  anterior  roots  after  the  previous  section  of  the  spinal  cord 
above  the  level  of  the  nerve  excited.  In  this  manner  all  danger  of 
reflex  excitation  was  avoided. 

For  excitation  a  l)u  Kois  Reymond  coil  with  Ilelmholtz's  modi- 
fication was  used,  and  the  currents  generally  employed  were  perceptible 
to  the  tongue  but  not  of  greater  intensity.  For  many  experiments 
where  the  effects  of  the  rate  of  excitation  were  investigated,  a  vibrating 
reed,  still  with  Helmholtz's  modification,  was  used,  giving  rates  varjdng 
from  5  to  50  per  second.  In  experiments  on  the  existence  of  vaso- 
dilators a  slower  rate  of  excitation  was  used,  i.e.  1  per  second,  and  for 
this  ])urpose  an  apjiaratus  was  used  so  that  the  make  shocks  were  cut 
olT  and  only  the  break  ones  were  sent  into  the  nerves. 

Having  thus  described  in  some  detail  the  method  employed,  we  will 
now  pass  on  to  the  consideration  of  the  vaso-constrictor  nerves,  and  the 
effects  they  produce  on  the  kidney  and  general  blood-pressure. 

J.    Orkun  and  Nature  of  tjie  Renal  Vaso-constiuctors. 

(Figs.  1  to  0.) 

Kntcring  the  hihis  of  the  kidney  between  the  artery  and  vein  there 
arc,  as  is  well  known,  numerous  nerves,  as  a  rule  about  a  dozen.    These 

*  (i  ask  ell,  Vroc,  Phys,  SoCj  this  Journal ,  Vol.  viii. 

^  Strieker,  Sitzb.  tier  k,  Acad,  der  U'isxemck,  1870,  Wicn. 

20— 2 


.10^.  J.  ROSK  liRADFOnn. 

nerves  have  Ion?  been  known  to  contain  vaso-constrictor  fibres,  since 
their  stimulation  is  followed  by  both  contraction  of  the  kidney  and 
diminution  in  the  flow  of  urine.     When  these  nerves  are  stimulated  and 
the  volume  of  the  kidney  is  observed  plethysmographically  it  will  be 
seen  that  the  renal  contraction  is  sudden  and  considerable,  but  that  the 
organ  soon  returns  to  its  original  volume.    Similarly  when  the  splanchnic 
nerve  is  excited  the  volume  of  the  kidney  diminishes  rapidly  and  mark- 
edly, and  synchronously  with  this  renal  contraction  there  is  a  great  rise 
of  general  blood-pressure.     Of  courae  in  this  latter  case  the  general  rise 
of  blood-pressure  is  due,  not  only  to  the  renal  contraction,  but  also  to 
a  widespread  effect  on  the  abdominal  vessels.     On  exciting  the  lower 
dorsid  nerves  inside  the  spinal  canal  the  same  general  facts  are  observed, 
i.e.  a  renal  contraction  and  a  rise  of  general  blood-pressure,  provided  the 
posterior  roots  are  previously  divided,  and  care  is  taken  to  prevent 
spreading  of  the  exciting  current  to  the  coixl.     Before  enteiing  into 
further  details  with  regard  to  the  course  of  these  fibres,  it  is  necessary  to 
state  that  the  exciting  current  must  consist  of  either  rapidly  intemipte<l 
shocks,  i.e.  50  per  second,  or  at  least  a  rate  not  slower  than  5  per  second. 
KviMi  with  this  slow  rate  however  some  differences  arc  t.<)  b(i  dcfccctcMl,  jus 
will  be  mentioned  further  on.     Hence  unless  otherwise  stateil  it  is  U>  bo 
understood  that  the  rate  of  excitation  was  50  per  second. 

The  stimulation  of  the  anterior  roots,  or  of  the  entire  nerve  after 
division  of  the  posterior  root,  or  after  section  and  ligature,  is  followed  by 
contraction  of  the  kidney  and  rise  of  general  blood-pressure  when  any 
nerve  from  the  Gth  dorsal  to  the  2nd  lumbar  inclusive  is  the  one  select- 
ed and  arranged  for  excitation.  The  stimulation  of  at  any  rate  some  of 
these  nerves  is  followed  by  the  above  results  in  all  cases,  although  in  any 
given  dog  it  may  be  found  that  this  statement  is  not  equally  applicable 
to  all  the  nerves  just  mentioned.  Furthennore  the  excitation  of  the 
nerves  higher  up,  e.g.  the  4th  or  5th  dorsal,  produces  but  slight  effects 
on  the  blood-pressure ;  and  when  the  uppermost  nerves,  e.g.  the  2nd  and 
3rd  are  taken,  of  course  the  accelerator  fibres  of  the  heart  are  excited  and 
a  small  rise  of  pressure  due  to  these  is  then  seen. 

On  the  other  hand,  the  3rd  lumbar  has  been  found  in  many  cases  to 
produce  no  effects  at  all,  and  in  other  instances  only  a  very  slight  rise  of 
general  blood -pressure.  So  that  the  Gth  dorsal  and  the  2nd  lumbar  are 
pnictically  the  extreme  limits  of  the  nerves  the  exciUition  of  which  will 
produce  any  marked  effect  either  on  the  kidney  or  on  the  general  blood- 
pressure.  No  doubt  it  is  rather  surprising  that  the  upper  dorsal  nerves 
l)roduce   comparatively  so  little  effect  on  the  general  blood-pres.sure. 
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because  even  if  the  kidney  and  other  abdominal  viscera  do  not  receive 
any  vaso-inotor  fibres  from  these  nerves,  the  head  and  neck  and  upper 
limbs  do.  Thus  other  observers^  have  shown  that  the  vaso-motor  fibres 
for  the  fore-leg  run  iu  the  anterior  roots,  from  the  2nd  to  tlio  6th  dorsal, 
and  the  same  is  true  of  the  fibres  destined  for  the  head  and  neck. 

Hence  one  would  no  doubt  expect  the  stimulation  of  these  nerves  to 
cause  a  rise  of  general  blood-pressure,  owing  to  the  local  constriction 
produced.  The  rise  in  general  blood-pressure  consequent  on  excitation* 
of  the  3rd  or  4th  is  measured  by  a  very  few  millimetres  of  mercury,  e.g. 
10  or  15,  whereas  the  Gth  dorsal  will  frequently  cause  a  rise  of  sonic  30 
mm.  Hg.  When  the  accelerator  fibres  are  stimulated,  more  especially 
in  the  2nd  and  3rd  nerves,  the  rise  of  pressure  is  quite  different  iu  its 
course  and  character  to  that  dependent  on  the  peripheral  contraction  of 
systemic  vessels.  Hence,  as  we  pass  down  the  dorsal  nerves  we  6nd 
that  the  up[)er  ones  produce  but  liltle  effect  on  the  general  blood-pressure, 
the  middle  ones  produce  a  greater  effect,  and  the  lower  ones,  i.e.  from 
the  lOtli  to  the  13tli,  produce  the  greatest  of  all.  Then  when  we  come 
to  the  lumbar  nerves  the  effects  diminish,  only  much  more  suddenly,  so 
that  the  1st  lumbar  does  not  cause  such  a  rise  of  general  blood-pressure 
as  the  13th  dorsal,  the  2nd  lumbar  causes  still  less,  and  the  3rd  lumbar 
frequently  produces  scarcely  any  result  at  all.  We  must  not  perhaps 
liastily  conclude  from  this  that  the  3rd  lumbar  contains  no  vaso-motor 
fibres,  since  it  may  very  well  be  the  same  with  this  nerve  as  with  the 
\ipix>rmost  dorsal  nerves,  where,  as  mentioned  above,  no  very  marked 
general  effect  is  seen  to  follow  their  excitation,  and  yet  they  undoubtedly 
contain  vaso-motor  fibres  for  the  upper  limbs,  head  and  neck,  &c.  Mo 
doubt  a  tolerably  large  effect  must  be  produced  locally  in  order  for  a 
marked  effect  to  be  seen  on  the  general  blood-pressure,  but  at  the  same 
time  it  is  probable  that  the  vaso-motor  mechanism  of  the  visceral  vessels 
is  hotter  devcloi)ed  than  that  innervating  the  skeletal  muscles.  As  men- 
tioned above  I  propose  to  leave  to  a  subsequent  paper  the  discussion  of 
the  vaso-motor  fibres  in  the  2nd,  3rd,  4th,  and  5th  dorsal  nerves,  since 
this  would  entail  the  discussion  of  the  nerves  supplying  the  pulmonary 
vessels, — work  I  have  been  engaged  in  jointly  with  Mr  Dean'.  In  the 
present  paper,  therefore,  we  will  only  consider  the  facts  concerning  the 

1  DftBtro  ct  Morat,  SijKtcme  Nervcuz  VuMO-MoUur^  p.  130,  Parifl,  1884. 

'  Iu  a  futaro  conimuuicAtion  by  my  friond  Mr  Dcau  and  myself  we  hope  to  enter  into 
this  question  more  fully. 

*  Bradford  and  Dean,  <* Innervation  of  Pulmonary  Vessels/'  Proc.  Roy,  Soc»t 
Feb.  1889. 
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nerves  from   the   6th   dorsal   to   the   2Qd   lumbar,  or  15th  dorsal  of 
Gaskell. 

Now  although  the  excitation  of  all  these  nerves  produces  contraction 
of  the  kidney  and  rise  of  blood-pressure,  yet  on  the  whole  the  lower 
ncrvos.arc  more  efficacious  than  the  upper.  Just  as  wo  found  above  tliat 
the  greatest  effects  on  the  general  blood-pressure  were  obtained  when 
the  lower  nerves  are  excited,  so  also  tlio  greatest  contmction  of  tlic 
kidney  is  caused  by  stimulation  of  the  11th,  12th  and  13th  dorsal  nerves. 
Thus  the  oth  dorsal  generally  causes  a  rise  of  blood-pressure  equal  to 
about  20  mm.  Hg.,  the  6th  to  the  10th  give  a  rise  of  some  20  to  50  mm., 
and  the  lowest  dorsal  frequently  produces  a  rise  of  as  much  as  60  mm. 
Hg.  The  kidney  contraction  follows  the  same  onler;  the  contraction 
produced  by  the  12th  or  13th  nerves  frequently  being  twice  or  tliroo 
times  as  great  as  that  caused  by  the  6th  or  7th  nerves.  So  that 
although  all  the  nerves  from  the  6th  dorsal  to  the  2nd  lumbar  may 
produce  an  effect  on  the  kidney,  yet  the  nerve  fibres  passing  out  from 
the  cord  through  the  anterior  roots,  from  the  10th  to  the  13th  dorsal, 
must  be  looked  upon  as  containing  more  especially  the  fibres  destined 
for  the  renal  vessels.  It  is  no  doubt  surprising  at  first  sight,  to  find  .so 
little  dillerentiation  between  the  nerve  supply  of  the  kidney  vessels  and 
that  of  the  vessels  of  the  other  abdominal  viscera.  For  it  is  clear  from 
the  above  description  that  the  kidney  receives  vaso-motor  fibres  from  all 
the  nerve  roots  supplying  the  abdominal  viscera.  That  is  to  say,  that 
apparently  from  the  6th  dorsal*  to  the  2nd  lumbar  the  anterior  roots  of 
the  spinal  nerves  contain  efferent  vaso-motor  fibres  for  the  vessels  of  the 
abdominal  viscera,  and  inasmuch  as  all  these  nerves  produce  effects  on 
the  kidney  there  can  be  no  great  differentiation  of  the  renal  vaso-motor 
fibres  from  the  fibres  for  the  other  abdominal  vessels.  In  other  words, 
the  area  from  which  the  kidney  vessels  are  supplied  is  a  very  extensive 
one,  and  apparently  co-extensive  with  that  supplying  the  abdominal 
vessels.  It  may  be,  however,  that  other  abdominal  organs,  e.g.  the  spleen, 
receive  their  nerves  from  a  more  restricted  zone,  but  at  present  I  have 
not  made  any  observations  on  the  vascular  supply  of  this  organ.  Now 
there  are,  at  least  two  explanations  possible  of  the  fact  of  the  kidney 
receiving  such  an  extensive  nerve  supply;  one  may  be  called,  for  the 
sake  of  simplicity,  the  morphological,  the  other  the  physiological.  On 
morphological  grounds  the  renal  nerves  might  be  expected  to  be  derived 

1  Tho  4th  and  5lh  dorsal  ncives  also  probably  contain  a  few  fibres  for  the  abdominal 
viscera.  In  otlicr  wordH  the  upper  limit,  like  the  lower,  m  not  a  sudden  ono,  but  nithcr 
a  gradual  one. 
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from  an  extended  spinal  area,  since  the  kidney  is  not  only  a  segmental 
organ,  but  it  is  an  organ  which  extends  far  forward  into  the  anterior 
segments.  Hence  there  is  nothing  extraordinary  in  its  deriving  nerves 
from  a  segment  so  anterior  as  the  6th  dorsal.  This  is  more  especially 
the  case  since  the  heart  is  known  to  receive  its  fibres  from  the  2Dd  to 
the  5th  dorsal,  and,  as  mentioned  above,  the  vaso-motor  fibres  for  the 
head,  neck  and  fore  limbs  have  also  been  shown  to  run  in  these  nerve 
roots.  On  a  morphological  basis,  then,  we  could  quite  understand  that 
the  kidney  vessels  should  be  innervated  from  the  Gth  dorsal  to  the  2nd 
lumbar.  Probably  this  explanation  is  more  correct  than  the  second 
possible  explanation,  i.e.  the  one  called  for  brevity's  sake  the  physio- 
logical. We  must  remember  that  the  vascular  and  visceral  nerve  fibres 
emerging  from  the  cord  by  the  anterior  roots  are  connected  to  one 
another  by  means  of  a  series  of  ganglia  and  commissures,  forming  the  so- 
chilled  Kyni|>:ithe('Ic  system.  However  true  the  groat  principle  may  bo 
that  the  sympathetic  system  is  essentially  a  transvei'se  system  meta- 
mcrically  repeated,  and  not  a  longitudinal  system,  yet  the  longitudinal 
commissures  must  place  the  different  segments  of  this  visceral  nervous 
system  in  very  close  union.  Hence  it  is  at  least  possible  that  when  a 
single  anterior  root  is  excited,  the  impulses  so  generated  may  affect 
more  than  one  segment  of  this  sympathetic  system,  and  might  under 
corUiin  conditions  perhaps  spread  to  the  visceral  system  generally,  and 
so  affect  practically  all  the  abdominal  vessels.  No  doubt  this  does  occur 
to  a  certain  limited  extent,  since  if  a  single  anterior  root  be  excited,  a 
comparatively  large  area  of  blood  vessels  are  affected,  as  is  shown  by  the 
height  to  which  the  blood-pressure  rises.  To  what  extent  the  ganglia 
of  the  lateral  and  of  the  collateral  chains  act  as  centres  for  what  may  be 
called  the  diffusion  of  impulses  is  not  known,  but  inasmuch  as  stimulation 
of  some  of  those  nerves  may  produce  effect  on  the  general  blood-pressure 
lis  great  as  those  following  excitation  of  the  S2)lanchnic,  it  is  clear  that 
some  such  diffusion  must  occur.  If,  however,  this  diffusion  occurs  to  a 
large  extent,  it  is  difficult  to  estimate  exactly  the  significance  of  the 
effects  produced  by  the  excitation  of  any  given  anterior  root,  since  any 
effect  produced  on  the  renal  vessels  might  be  due  to  one  of  two  reasons. 
In  the  first  place,  the  nerve  in  question  might  contain  fibres  going  to  tho 
kidney,  or,  secondly,  it  might  contain  no  such  fibres,  but  only  nerves 
passing  to  a  mechanism  of  nerve  cells  and  fibres  in  this  sympathetic 
system,  which  mechanism  innervated  the  kidney  amongst  the  other 
abdominal  viscera.  If  this  latter  interpretation  were  correct,  any 
attempt  to  map  out  the  cause  of  the  renal  nerves  would  be  hopeless. 
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inasmuch  as  the  fibres  in  the  anterior  roots  would  simply  be  comuiissures 
between  the  spinal  cord  and  this  great  visceral  system,  innervating  all 
the  blood  vessels  of  the  abdomen,  the  renal  vessels  amongst  the  oUiers. 
In  other  words,  the  sympathetic  system  would  again  be  considered  to  be 
a  more  or  less  independent  nervous  system,  instead  of  a  mere  dependence 
of  the  cercbro-spinal  system.  This  view  can,  I  think,  be  refuted  not  only 
on  tlieoretical  and  morphological  grounds,  but  also  on  the  consideration 
of  direct  experimental  facts.  If  the  effects  observed  on  the  kidney  and 
blood-pressure  on  excitation  of  nerves  from  the  6th  dorsal  to  the  2nd 
lumbar  were  simply  due  to  the  stimulus  causing  a  number  of  centres 
in  the  sympathetic  to  discharge,  and  so  affect  the  vessels  of  the  abdominal 
vessels  more  or  less  indiscriminately,  wo  should  expect  equal  results  to 
follow  the  excitation  of  each  and  every  nerve  from  the  highest  to  the 
lowest.  That  is  to  say,  not  only  ought  the  8th  dorsal  to  produce  the 
same  effects  on  the  blood -pressure  as  the  13th  dorsal,  but  the  amount 
of  the  contraction  of  the  kidney  ought  to  vary  pari  passu  with  the  height 
to  which  the  general  blood-pressure  rises.  The  higher  the  blood-pressure 
the  greater  ought  the  renal  contraction  to  be,  and  vice  versa.  This, 
however,  is  by  no  means  the  case,  as  mentioned  before,  the  lower  nerves 
produce  larger  effects  both  on  the  general  blood-pressure  and  on  the 
kidney.  Further,  it  is  not  at  all  uncommon  for  a  nerve  to  produce  a 
large  renal  contraction  and  but  a  slight  effect  on  the  general  blood* 
pressure,  and  for  another  nerve  to  cause  great  contraction  of  the  kidney 
with  a  comparatively  small  rise  in  the  general  arterial  tension.  Hence, 
although  the  renal  nerves  arc  distributed  over  a  large  area  of  the  8])inal 
cord,  and  although  the  stimulation  of  any  given  spinal  nerve  affects 
other  viscera  than  the  kidney,  yet  nevertheless  we  must  conclude  from 
the  above  facts  that  the  correct  explanation  of  the  extensive  origin  of 
the  renal  nerves  is  the  morphological  one.  That  is  to  say,  that  the 
kidney  receives  nerves,  even  in  the  dog,  from  a  very  large  number  of 
spinal  segments,  and  that  this  spinal  area  is  probably  coextensive  with 
that  supplying  the  other  abdominal  vessels,  because  the  kidney  is 
morphologically  speaking  an  organ  of  such  great  length. 

We  will  now  pass  on  to  the  consideration  of  the  individual  nerves, 
it  being  understood  that  the  uppermost  dorsal  nerves,  i.e.  down  to  the 
6th,  will  be  considered  in  a  subsequent  paper,  and  hence  it  is  only 
necessary  to  say  here  that  the  results  of  the  stimulation  of  these  nerves 
on  the  general  blood-pressure  are  but  small. 
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6tf*  Dorsal  Nerve. 

Stimuhitioii  of  this  norvc  outside  tho  dura  mater  with  the  posterior 
root  divided  and  with  a  quick  rate  of  excitation  leads  to  a  rise  of 
general  blood-pressure  rather  slight  in  amount  and  slow  in  its  course. 
The  effect  on  the  kidney  is  very  small,  and  in  many  cases  practically  no 
contraction  of  the  renal  vessels  is  to  be  detected.  The  rise  in  general 
blood-pressure  is  quite  small  Thus  in  one  instance  it  was  not  more 
than  Iti  mui.  Hg.  whereas  in  the  same  animal  the  7th  dorsal  produced  a 
rise  of  30  mm.  Hg.  This  nerve,  then,  as  a  rule  contains  comparatively 
few  vaso-motor  fibres,  and  apparently  but  a  very  few  of  those  present 
are  destined  for  the  kidney  vessels.  In  a  few  instances  the  excitation 
of  this  nerve  has  caused  a  slight  expansion  of  the  kidney.  This 
expansion  is  small  in  amount,  but  inasmuch  as  the  kidney  returns  to  its 
previous  volume  afterwards  it  is  obviously  due  to  the  excitation.  Since 
this  nerve  does  not  produce  any  marked  renal  contraction,  and  since 
occasionally  this  expansion  is  seen,  it  might  be  concluded  that  this 
nerve  contained  vaso-dilator  fibres  in  more  abundance  than  vaso-con- 
strictor  fibres.  It  is  more  probable,  however,  that  in  the  majority  of 
cases  the  6th  dorsal  contains  but  few  nerve  fibres  for  the  vessels  of  the 
kidney,  and  that  the  expansion  described  above  is  really  due  to  tho 
nerve  containing  vaso-motor  fibres  for  other  regions,  probably  some  other 
abdominal  vessels.  It  is  clear  that  if  this  nerve  supplied  vaso-motor 
fibres  to  some  other  organ  and  really  none  to  the  kidney,  the  contraction 
of  the  vessels  caused  by  the  excitation  would  heighten  the  general  blood- 
pressure.  This  increased  arterial  tension  would  tend  to  cause  dilatation 
of  those  vessels  not  immediately  concerned  in  the  production  of  this 
increased  tension.  Hence  the  kidney  vessels  would  dilate  passively. 
Although  the  kidney  sometimes  expands  on  excitation  of  the  6th  dorsal, 
this  effect  is  probably  not  due  to  this  nerve  supplying  the  renal  vessels 
with  vaso-dilator  fibres,  and  so  producing  an  active  dilatation,  but  rather 
to  a  passive  dilatation  consequent  on  increased  arterial  tension,  due  to 
peripheral  constriction  in  other  parts.  Not  only  is  this  true  for  the 
avMi  where  the  kidney  receives  no  vaso-motor  fibres  from  this  nerve,  but 
it  would  also  be  true  if  the  nerve  contained  a  very  few  fibres  for  the 
kiilney,  and  a  large  number  for  other  abdominal  vessels.  In  this 
latter  instance,  it  is  possible  if  the  part  taken  by  the  renal  vessels 
in  raising  the  blood-pressure  was  but  small,  its  effects  on  the  kidney 
would  be  overpowered  by  the  contraction  elsewhere,  and  so  the  renal 
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vessels  might  dilate  slightly.  In  other  words^  no  slight  renal  dilatation 
can  be  taken  as  evidence  of  the  existence  of  vaso-dilator  nerves,  if  this 
dilatation  be  accompanied  by  a  rise  of  general  blood-pressure,  oven 
if  this  rise  be  only  small  in  amount.  The  effects,  then,  of  excitation 
of  the  peripheral  end  of  the  Cth  dorsal  nerve  ore  small,  both  on  the. 
general  blood-pressure  and  on  the  kidney  vessels.  The  latter,  indee<l,  are 
often  affected  purely  in  a  passive  manner. 

We  may  thus  conclude  that  this  nerve  contains  but  few  vaso-motor 
fibres  relatively  to  the  lower  nerves,  and  that  frequently  scarcely  any  of 
these  fibres  are  distributed  to  the  kidney  vessela  In  the  majority 
of  cases  however  the  kidney  vessels  receive  some  fibres  from  this  nerve. 
This  nerve  is  a  good  example  in  favour  of  the  argument  advanced  above, 
with  regard  to  the  morphological  arrangement  of  the  nerves. 

1th  Dorsal  Nerve, 

This  nerve,  when  prepared  and  excited  in  the  usual  way,  gives  much 
lar<rer  and  more  definite  results  than  the  6th  dorsal.  Thus  the  rise  of 
blood-pressure  may  be  as  much  as  30  mm.  Hg.  witli  the  same  strciii^th 
of  stimulus  that  caused  only  a  rise  of  IG  mm.  Ug.  with  the  Oth  nerve. 
The  blood-pressure  rises  slowly  to  its  maximum,  and  then  declines  more 
slowly,  BO  that  frequently  it  is  only  some  minutes  after  the  cessation  of 
the  excitation  that  it  regains  its  previous  level.  The  effects  on  the 
kidney  are  also  quite  as  marked.  After  a  variable  but  short  latent 
period  the  volume  of  the  kidney  diminishes  considerably.  The  contrac- 
tion is  not  very  rapid,  as  frequently  10"  to  20"  elapses  before  the 
greatest  diminution  is  reached,  which  may  be  after  the  excitation  lias 
ceased.  Then  the  kidney  begins  slowly  to  expand,  but  as  a  rule  it 
does  not  quite  regain  its  former  volume,  or  at  any  rate  it  does  so  very 
gradually. .  Hence  there  is  a  more  or  less  persistent  after-effect,  so  that 
at  any  rate  for  some  little  time  the  kidney  is  rather  smaller  than  it  was 
previously  to  the  excitation.  Not  unfrequcntly  the  return  of  the 
kidney  to  its  previous  volume  is  not  ([uite  so  simple,  and  its  coui-se  is 
interrupted  by  what  may  be  called  a  '*  secondary  contraction."  That  is 
to  say,  that  after  the  kidney  has  commenced  to  reexpand,  and  therefore 
long  after  the  excitation  has  ceased,  its  vessels  again  contract,  so  that  its 
volume  diminishes  and  then  the  organ  slowly  returns  to  its  previous  size. 
As  a  rule  this  secondary  contraction  is  quite  small  in  amount,  and  no 
corresponding  effect  is  seen  on  the  blood-pressure  curve.  When  however 
the  kidney  effect  is  a  large  one,  a  slight  rise  and  fall  of  the  blood- 
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pressure  occurs  with  it,  and  then  both  the  kidney  and  blood-pressure, 
trace  greatly  resemble  a  Traube  curve.  In  rare  instances  instead  of  one 
such  secondary  contraction  of  the  kidney  occurring,  there  may  be  two, 
and  then  of  course  the  resemblance  to  a  Traube  curve  is  greater  still. 
Tliese  spontaneous  variations  in  the  size  of  the  renal  vessels  occurring 
after  excit-ation  of  a  nerve  are  not  restricted  to  the  7th  dorsal  nerve. 
They  may  occur  after  the  stimulation  of  any  nerve,  but  they  are  men- 
tioned here,  as  Fig.  ] ,  Plate  XXIII.,  gives  a  good  idea  of  them.  Perhaps 
the  ]>honomcnon  is  allied  to  the  fact  that  occasionally  the  heart  muscle 
will  give  a  scries  of  beats  in  response  to  a  single  excitation.  So  hero  the 
arterial  muscle,  after  being  thrown  into  a  state  of  contraction  by  an 
artificial  excitation,  undergoes  subsequently  one  or  two  spontaneous 
contractions  of  less  magnitude.  In  both  cases  the  rhythmical  activity 
of  the  muscle  is  called  into  play,  but  inasmuch  as  this  is  better 
dovolopod  in  the  case  of  the  lieart  muscle,  this  scries  of  responses  to  a 
single  excitation  is  not  often  seen  in  the  case  of  arterial  muscle. 

With  the  7th  dorsal  the  fact  previously  pointed  out,  that  the  amount 
of  the  renal  contraction  does  not  vary  pari  passu  with  the  rise  of  blood- 
pressure,  is  frequently  observed.  Thus  on  one  occasion  the  same 
stimulus  in  the  same  animal  caused  every  time  practically  the  same 
increase  of  arterial  tension,  i.e.  a  rise  of  pressure  of  about  30  mm.  Hg. 
lu  one  case  the  kidney  contracted  to  such  an  extent  that  the  lever  of 
the  oncograph  went  oil  the  paper.  Whereas  in  a  second  instance  the 
volume  of  the  kidney  was  not  appreciably  altered  in  amount.  In  this 
latter  case  from  the  rise  of  blood-pressure  it  was  clear  that  the 
excitation  had  been  effectual,  yet  from  the  absence  of  any  marked  effect 
on  the  kidney  it  might  easily  have  been  thought  that  really  no 
stimulation  had  occurred.  No  doubt  this  result  is  partly  to  be  ex- 
plained on  the  ground  that  the  renal  nerves  are  mixed,  vaso-dilator  and 
vasoconstrictor  fibres,  as  will  be  explained  more  fully  below,  but  still  it 
is  cortainly  remarkable  that  no  diminution  in  the  volume  of  the  kidney 
should  have  been  produced,  along  with  the  contraction  occurring  in  the 
other  abdominal  vessels.  At  the  same  time  although  the  volume  was 
not  diminished,  the  character  of  the  trace  was  markedly  altered,  so  that 
the  wirdiac  pulsations  were  not  nearly  so  evident  In  some  cases  they 
have  been  almost  obliterated.  Is  it  possible  that  the  vessels  had 
become  more  or  less  rigid  tubes,  but  that  no  great  alteration  in  their 
actual  calibre  had  taken  place?  No  doubt  it  may  seem  fanciful  to 
suppose  that  the  arteries  of  the  kidney  could  be  affected  by  the 
excitation,  and  yet  no  change  of  volume  of  the  kidney  occur.     If  however 
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the  character  of  the  trace  becomes  altered  when  no  such  corresponding 
change  occurs  in  the  general  blood-pressure,  it  is  clear  that  the 
excitation  has  produced  some  local  change  in  the  particular  organ 
investigated.  It  will  be  seen  by  inspection  of  Fig.  2,  Plate  XXIIL,  that 
there  is  a  marked  alteration  in  the  character  of  the  kidney  tnicc, 
whereas  there  is  no  such  alteration  in  the  blood-pressurc  curve.  Now 
if  this  figure  be  compared  with  others,  i.e.  Fig.  3,  it  will  be  scon  that  in 
the  latter  case  also  there  is  this  curious  alteration  in  the  character  of 
the  kidney  tracing,  but  here  it  is  accompanied  by  a  fairly  well-marked 
contraction  of  the  kidney,  so  that  the  stimulation  has  produced  a 
distinctly  twofold  effect.  Now  it  is  clear  that  the  diminution  in  size  of 
the  kidney  is  duo  to  contraction  of  its  vessels,  and  it  is  c(iually  clear  that 
the  other  effect  is  produced  by  some  alteration  of  the  vascular  widl, 
which,  whatever  its  nature,  does  not  prevent  the  entry  of  blood  into  the 
kidney.  Now  if  the  vessels  were  to  become  more  or  less  rigid  without 
their  calibre  being  markedly  affected  it  is  conceivable  that  an  alteration  in 
the  character  of  the  curve  would  be  produced,  and  yet  owing  to  their 
diameter  remaining  the  same  there  would  not  be  any  increased 
impediment  to  the  entry  of  blood.  Hence  the  kidney  would  not 
receive  a  diminished  supply  of  blood,  and  hence  there  would  be  no 
diminution  in  its  volume,  in  fact  with  a  heightened  blood-pressure 
there  might  be  an  actual  increased  rate  of  flow  through  the  renal 
vessels.  If  this  interpretation  is  correct  we  must  assume  that  a  nerve 
is  capable  of  causing  a  kind  of  tonic  contraction  of  the  arterial  muscle, 
without  materially  affecting  its  calibre.  No  doubt  this  iiiterpretatiou 
will  not  be  readily  accepted,  but  it  is  clear  from  the  inspection  of  these 
and  many  other  such  tracings  that  a  nerve  is  capable  of  producing  more 
than  one  effect  on  the  vessels.  Further,  it  may  very  well  be  that  the 
reason  there  is  no  diminution  in  the  size  of  the  vessels,  and  hence  of 
the  organ,  is  that  owing  to  the  high  blood -pressure  the  muscular  coat 
of  the  artery  cannot  overcome  this  pressure  sufficiently  to  narrow 
the  bore  of  the  vessel.  Hence  the  arterial  wall  only  becomes  rather 
more  rigid  than  it  was  previously.  After  all,  by  accepting  this 
explanation  we  should  only  be  bringing  the  arterial  muscle  more  into 
harmony  with  what  is  known  of  cardiac  muscle,  which,  as  has  been 
ascertained,  possesses  a  marked  property  of  tonic  contraction  more  or  less 
independent  of  its  rhythmical  activity.  This  is  often  seen  of  course  in 
the  ventricle  of  the  frog,  and  also,  for  the  matter  of  that,  in  the  dog,  and 
it  is  a  condition  which  is  easily  intensified  by  certain  drugs.  Thus 
digitalis,  for  instance,  not  only  markedly  affects  the  rhythm  of  the  heart, 
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but  it  also  causes  the  production  or  intensification  of  this  tonic 
contraction,  so  that  the  rhythmical  beats  aro  superimposed  on  tho 
gradually  .ind  persistently  contracting  ventricle. 

No  doubt  in  the  arterial  system  this  persistent  contraction  or  tonus 
is  usually  closely  connected  with  the  active  or  passive  alterations  in  the 
calibre  of  the  vessels,  but,  as  just  shown,  these  two  effects  can  be 
disassociated  from  one  another,  so  that  the  excitation  of  a  nerve  can 
cause  the  arteries  to  assume  persistently  their  previous  mean  diameter. 
Further,  it  must  be  remembered  that  in  the  particular  instance  from 
which  these  figures  aro  taken  these  different  effects  were  obtained  from 
the  same  nerve  with  the  same  excitation,  and  &s  far  as  can  be  deter- 
mined with  the  surrounding  conditions  the  same. 

The  most  important  deduction  however  is,  that  apparently  the 
stimulation  of  a  vaso-constrictor  nerve  can  materially  affect  the  nature 
of  tlie  contraction  of  an  artery  without  greatly  affecting  tho  amount  of 
blood  distributed  to  that  organ.  Hence  if  the  blood -pressure  be  raised 
at  the  same  time  it  is  conceivable  that  an  actual  increased  flow  of  blood 
miglit  be  produced.  This  point  is  no  doubt  of  particular  importance  in 
the  case  of  the  kidney,  where  the  secretion  is  at  any  rate  closely 
connected  with  the  rate  of  blood-flow.  In  the  present  paper,  however, 
we  are  only  concerned  with  the  phenomena  of  the  renal  circulation. 
Th<»  question  of  tho  exact  relation  of  secretion  to  circulation  must  bo 
left  for  a  future  rcsearch, 

8^1  Dorsal  Nerve. 

The  effects  produced  on  the  kidney  by  the  excitation  of  this  nerve 
are  much  more  marked  than  in  the  case  of  either  the  Gth  or  the  7th 
nerve.  In  the  great  majority  of  instances  the  contraction  of  the  kidney 
is  very  marked,  the  recording  lever  falling  abruptly,  and  the  tracing 
exhibiting  all  the  characters  described  above.  With  this  nerve  the 
pi)int  mentioned  above,  that  the  amount  of  the  renal  contraction  is  not 
always  proportional  to  the  rise  of  blood-pressure,  is  especially  well  seen. 
Thus  in  one  case  the  7th  dorsal  gave  a  rise  of  blood-pressure  equal  to 
•JO  mm.  1  Ig.  and  but  a  small  contraction  of  the  kidney.  The  8th  nerve 
in  tho  same  aniuial  and  with  the  same  excitation  caused  a  scarcely 
appreciable  rise  of  blood-pressure,  but  the  renal  contraction  was  very 
marked  and  iKjrsistont.  This  nerve  contained  a  considerable  number  of 
vaso-motor  fibres  for  the  kidney,  and  but  few  for  the  other  abdominal 
vessels,  whereas  with  the  7th  nerve  the  relative  proportions  were  more 
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or  less  revprsod.  This  Observation  also  shows  how  a  comparatively  large 
contraction  of  the  kidney  will  produce  little  or  no  cflcct  on  the  general 
blood-pressure.  That  is  to  say,  that  notwithstanding  the  extreme 
vascularity  of  the  kidney,  it  requires  a  larger  area  than  that  of  the  renal 
vessels  to  produce  by  variations  in  the  calibre  of  the  vessels  any  very 
niaiked  effect  on  the  general  blood-pressure.  In  one  instance  (Fig.  4, 
Plate  XXIII.)  expansion  of  the  kidney  unaccompanied  by  any  alteratiou 
in  the  general  blood-pressure  was  observed  on  excitation  of  this  nerve. 
In  this  one  case  the  effect  was  obtained  every  time  the  nerve  was  stimu- 
lated, and  the  greatest  precautions  were  observed  to  eliminate  any  error 
due  to  spreading  of  the  exciting  current  to  the  cord,  and  so  producing 
reflex  effects.  The  effect  was  small  in  amount  but  still  perfectly 
distinct,  and  inasmuch  as  there  was  no  variation  in  the  general  blood- 
pressure,  it  was  probably  due  to  a  true  vaso-dilator  excitation.  This 
point  will  be  discussed  below,  but  it  is  to  be  noted  that  the  usual  quick 
rate  of  excitation  was  used.  This  is  one  of  the  very  few  instances  in 
which  a  dilatation  of  the  kidney,  unaccompanied  by  a  rise  of  blood- 
presHure  has  been  observed  when  quick  rates  of  excitation  have  been 
employed.  In  this  respect  tin's  result  stands  in  marked  contrnHt  to 
that  described  above,  as  occun*ing  sometimes  with  the  6th  dorsal,  where 
the  renal  dilatation  was  accompanied  by  a  rise  of  blood-pressure.  In 
the  latter  case  the  renal  effect  was  undoubtedly  a  passive  ona  In  the 
former,  i.e.  with  the  8th  nerve,  the  effect  was  probably  as  purely  an 
active  dilatation. 

In  no  other  case  did  the  8th  nerve  yield  a  pure  dilatation  of  the 
kidney,  and  it  is  most  exceptional  for  any  nerve,  with  the  usual  method 
of  stimulation,  to  yield  such  a  result.  It  is  possible  that  in  this 
exceptional  case,  the  8th  nerve  may  not  have  caused  an  active  dilatation 
of  the  kidney,  but  it  is  extremely  improbable  that  such  an  expansion 
could  have  been  produced  by  contraction  occurring  elsewhere,  insuf- 
ficient to  show  its  presence  by  raising  the  blood-pressure.  Hence, 
inasmuch  as  the  vaso-<lilators  can  be  doinonHtrato<l  to  exist  by  other  and 
conclusive  methods,  as  will  be  shown  below,  it  is  more  reasonable  to 
assume  that  in  this  case  the  8th  nerve  contained  vaso-dilators  for  the 
kidney,  or  at  any  rate  that  the  nerve  contained  more  vaso-dilator  than 
vaso-constrictor  fibres. 
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Whereas  with  the  nerves  hitherto  considered,  all  the  eflFects  are 
coni[)arutivoiy  small  and  also  to  a  certain  extent  vaiiablo^  this  is  no 
longer  the  case  when  we  reach  the  9th  nerve.  In  no  case  has  the 
excitation  of  this  nerve  failed  to  produce  an.  effect  on  the  kidney,  and 
in  no  instance,  with  the  usual  method  of  excitation,  has  any  renal  expan- 
sion been  observed.  So  that  in  all  cases  the  stimulation  of  this  nerve 
has  produced  a  contrtiction  of  the  kidney  generally  of  a  very  marked 
character.  This  contraction  has  all  the  characters  described  abov^,  that 
is  to  say,  it  has  a  short  latent  period,  and  although  its  onset  is  sudden, 
its  course  is  rather  slow,  and  there  is  nearly  always  a  persistent  after- 
effect, the  kidney  not  returning  quite  to  its  original  volume.  Further, 
as  bofore,  this  renal  contraction  is  accompjxnied  by  a  rise  of  general 
blood-pressure,  fairly  marked  in  amount.  In  individual  cases  there  is 
goino  variety  both  in  the  amount  of  the  renal  contraction  and  of  the 
accompanying  rise  of  blood-pressure, but  these  variations  are  comparatively 
insignificant  as  compared  with  those  occurring  with  such  nerves  as  the 
Gth  and  7th  <Io)-saI.  No  doubt  in  this  case  also  they  have  the  same 
general  significance  as  with  the  upper  nerves.  There  are  no  doubt 
considerable  variations  in  the  coui'se  of  the  vaso-motor  fibres,  and  some- 
times in  a  given  nerve  there  will  be  a  preponderance  of  fibres  for  the 
kidney,  sometimes  there  will  be  a  greater  relative  number  of  fibres  for 
the  other  abdominal  vessels,  thus  tending  in  the  latter  case  to  a  greater 
general  effect,  and  a  smaller  renal  effect  In  some  instances  this  con- 
traction of  the  kidney  is  followed  by  what  has  been  termed  above  a 
"secondary  contraction/'  that  is  to  say,  that  after  the  excitation  has 
ceased  and  the  kidney  is  expanding  slowly,  it  suddenly  undergoes  a 
temporary  contraction.  This  "secondary  contraction "  as  seen  in  Fig.  G, 
Plate  XXIII.,  generally  occurs  when  the  kidney  has  only  partially  returned 
to  its  previous  volume,  and  thus  a  long  time  after  the  excitation  has 
ceased,  in  this  case  20"  after.  This  "secondary  contraction"  is  slow  in 
its  course,  and  as  a  rule  leaves  a  persistent  after-effect,  so  that  the 
kidney  does  not  return  quite  to  its  previous  volume. 

This  renal  effect  is  frequently  small,  so  that  no  corresponding  effect 
is  seen  on  the  blood-pressure  curve ;  at  other  times,  as  will  be  mentioned 
below,  it  is  acconipanied  by  a  slight  fall  of  general  blood-pressure.  This 
contraction  "  of  the  kidney  occura  at  a  time  when  the  general  arterial 
tension  is  falling,  i.e.  returning  to  the  level  at  which  it  was  being  main- 
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tained  previously  to  the  excitation.     Hence  this  shrinking  of  the  kidney 
might  be  considered  to  bo  due  to  this  fall  of  blood-pressure.    This 
however  cannot  be  the  case,  since  at  the  time  that  this  "  secondary  con- 
traction" begins  the  kidney  altliongh  dilating  is  yet  more  contracted 
than  previously  to  the  stimulation.     Hence  the  blood-prcs-^urc  is  still 
higher  than  the  normal,  and  the  return  of  this  to  the  normal  is  of  course 
associated  with  dilatation  of  the  previously  contracted  vessels.    It  is  tins 
dilatation   of  the  renal   vessels  that  is  suddenly  interrupted  by  this 
"secondary  contraction."    As  mentioned  above  when  this  "contraction" 
\A  marked  in  amoimt  it  is  accompanied  by  a  slight  fall  of  aortic  pressure, 
e.g.  some  5  mm.  Hg.,  and  this  fall  of  blood-pressure  is  slow  and  gradual, 
just  like  the  slow  and  gradual  renal  "  contraction."     It  is  this  slow 
and  gradual  character  of  the  kidney  contraction  that  distinguishes  it  at 
once  from  the  "  secondary  contraction,"  described  as  occurring  occasionally 
and  as  producing  results,  in  some  respects,  like  Traube  curves.     This 
was  described  with  the  7th  nerve,  and  is  seen  in  Fig.  1. 

If  this  be  compared  with  Fig.  6  illustrating  the  eflTect  we  are  now 
describing  as  occurring  with  the  9th  and  other  nerves,  the  difforcncc 
between  the  two  phenomena  will  be  at  once  evident.  That  occurring 
with  the  7th  nerve  is  soon  to  be  rapid,  and  soon  the  kidney  dilates  again  ; 
the  heart-beats  are  also  not  so  evident  on  the  tracing,  and  in  fact  every- 
thing points  to  this  result  being  a  true  contraction,  i.e.  an  active  process. 
On  the  other  hand,  with  the  9th  nerve  this  "  contraction  "  is  slow,  the 
organ  does  not  regain  its  former  volume  readily,  if  at  all,  and  the  heart- 
beats are  not  at  all  obscured;  they  are  perhaps  more  obvious.  Honce 
the  character  of  the  trace  points  to  the  phenomenon  not  being  due  to 
an  active  contraction.  So  that  we  shall  term  it  not  a  "  secondary  con- 
traction" but  a  "secondary  shrinking,"  in  order  to  distinguish  these  two 
results.  Now,  as  just  mentioned,  this  '*  secondary  shrinking"  if  at  all 
marked  is  accompanied  by  a  slight  fall  of  general  blood-pressure  and  the 
two  phenomena  are  undoubtedly  closely  connected ;  in  fact,  the  fall  of 
pressure  is  the  actual  result  of  the  "  secondaiy  shrinking."  That  this  is 
so  is  shown  by  the  following  considerations.  It  ciui  be  seen  by  inspection 
of  the  tracings  that  the  fall  of  aortic  pressure  is  not  due  to  any  cardiac 
effect,  and  hence  it  must  be  caused  by  some  peripheral  dilatation. 
Now  if  this  dilatation  occurred  in  some  other  area  than  that  of  the 
kidney  it  would  obviously  cause  a  diminution  in  the  bulk  of  this  organ, 
since  the  blood  destined  for  the  renal  vessels  would  be  diverted  into 
other  channels.  Now  the  same  is  true,  even  if  the  renal  vessels  share  in 
the  dilatation,  provided  the  total  area  affected  is  a  large  one,  so  that  the 
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kidney  vessels  form  but  a  small  fraction  of  it,  and  provided  also  that  the 
renal  vessels  are  less  affected  than  those  of  the  larger  area.  Under  these 
circumstances  the  kidney  would  shrink,  owing  to  the  fall  of  blood-pressure 
produced  by  the  visceral  dilatation,  secondarily  affecting  the  kidney,  the 
vessels  of  this  organ  not  having  much  share  in  the  production  of  the 
fall  of  blood-pressure.  We  may  express  the  same  result  in  other  words 
by  saying,  that  just  as  the  contraction  of  the  kidney  vessels  plays  but  a 
small  share  in  the  causation  of  the  general  rise  of  blood-pressure,  so  the 
fall  of  pressure  is  mostly  dependent  on  the  dilatation  of  vessels  in  other 
areaH  than  the  renal  one,  although  no  doubt  the  kidney  vessels  also 
dilate.  It  will  no  doubt  be  expected  that  the  kidney  should  undergo 
expansion  in  the  latter  case,  corresponding  to  the  contraction  in  the 
former.  This  however  is  erroneous,  the  actual  expansion  of  the  kidney 
depends  not  only  on  whether  its  vessels  dilate,  but  also  as  mentioned 
above,  on  whether  the  dilatation  is  confined  to  the  kidney  or  whether  it 
affects  this  organ  amongst  the  other  abdominal  viscera.  This  argument 
will  appear  more  conclusive  when  the  effects  of  the  excitation  of  vaso- 
dilators, and  also  the  results  following  such  reSex  excitation  as  the 
depressor,  have  been  considered.  Only  one  other  point  will  be  com- 
mented on  hero.  It  will  be  seen  that  this  passive  or  secondary 
"shrinking"  occurs  at  a  time  when  the  renal  vessels  are  still  somewhat 
contnicted,  as  a  result  of  the  stimulation.  This  is  soon  by  the  fsvct  that 
the  kidney  is  not  only  smaller  than  previously  to  the  excitation, 
but  also  by  the  fact  that  the  general  blood-pressure  is  often  slightly 
higher  than  normal.  Hence  this  contraction  of  the  renal  and  other 
vessels  gives  way,  and  the  blood-pressure  falls,  owing  to  this  peripheral 
dilatation. 

It  must  be  remembered  that  this  " secondary  shrinking"  after  the 
ces.sation  of  the  excitation  is  a  result  that  is  only  observed  in  a  minority 
of  c:ises.  When,  however,  this  result  is  seen,  the  effects  of  the  nerve 
cxoiUition  are  really  threefold,  both  on  the  kidney  and  on  the  general 
blood-pressure.  Thus  during  the  excitation  the  renal  or  other  vessels 
undergo  great  contraction,  and  this  contraction  is  of  course  accompanied 
by  a  great  rise  of  blood-pressure.  Then  the  renal  and  other  vessels 
dilate,  and  the  blood-pressure  fulls  towards  the  normal,  remaining 
however  a  little  above  it;  this  slightly  heightened  arterial  tension  is 
associated  with  some  remaining  constriction  of  the  renal  and  other 
vessels.  That  is  to  say,  that  the  vessels  do  not  dilate  to  their  previous 
size,  but  remain  somewhat  persistently  contracted.  Finally,  in  some 
cases  this  persistent  effect  is  followed  by  an  after-effect  of  a  fall  of 
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blood-pressure,  due  to  a  peripheral  dilatation,  shown  in  the  case  of  the 
kidney,  however,  by  a  passive  or  secondary  shrinking.  The  first  two 
of  the  above  eflFects  are  constant,  the  third,  i.e.  the  dilatation,  is  not. 
The  relation  of  this  effect  to  what  Dastre  and  Morat  have  termed 
"  surdilatation,"  and  also  the  question  as  to  its  exact  cause,  i.e.  whether 
it  is  an  exhaustion  effect  or  whether  it  is  due  to  the  excitation  of  vaso- 
dilator fibres,  will  be  discussed  below. 

\Oih  Dorsal  Nerve, 

This  nerve,  prepared  and  excited  in  the  usual  manner,  gives  results 
essentially  similar  to  those  just  described  for  the  8tli  and  !)th  doi-ssil. 
But  just  as  the  effects  of  the  9th  nerve  are  better  marked  than  those  of 
the  8th,  so  the  results  following  excitation  of  the  10th  are  larger  in 
amount  than  those  seen  with  the  9th  nerve.  Thus,  in  one  instance,  the 
rise  of  general  blood-pressure  was  as  much  as  50  mm.  Hg.,  and  this  is 
by  no  means  an  extreme  case.  Further,  the  renal  contraction  is  always 
well  marked  and  of  a  persistent  character,  the  kidney  but  rarely 
returning  completely  to  its  former  volume.  In  a  few  instances 
excitation  of  this  nerve  has  been  followed  by  a  slight  renal  expansion, 
accompanied,  however,  by  a  small  rise  of  blood-pressure,  and  in  a  very 
few  cases  the  renal  expansion  has  occurred  alone,  ie.  without  any  rise 
of  blood-pressure.  It  is  possible,  although  not  probable,  that  these 
results  were  due  to  the  excitation  of  vaso-dilator  fibres,  not  to  slight 
spreading  of  the  exciting  current  to  tlic  cord.  Much  better  evidence, 
however,  tban  this  will  be  adduced  in  favour  of  the  existence  of  vaso- 
dilators; so  although  this  occasional  slight  expansion  with  ordinary 
excitation  may  be  due  to  the  stimulation  of  vaso-dilator  fibres,  yet  such 
facts  as  these  would  not  be  of  much  value  in  attempting  to  prove  their 
existence. 

The  10th  nerve,  however,  affords  an  instance  of  another  occasional 
result  with  ordinary  quick  rates  of  excitation,  and  this  is  well  seen  in 
Fig,  5.  Plate  XXIll.  Here  although  the  usual  effect  is  produced  on  the 
general  blood-pressure,  i.e.  a  marked  rise,  the  kidney  effect  is  a  mixed 
one.  The  contraction  is  preceded  by  a  slight  expansion,  which, 
however,  is  only  slight  from  its  being  interrupted  in  its  course  by  the 
subsequent  contraction.  Now  this  initial  expansion  is  due  to  one  of 
two  things,  either  the  kidney  vessels  were  not  affected  by  the  excitation 
at  firsts  i.e.  their  latent  period  was  longer  than  that  of  the  vessels  of  the 
rest  of  the  abdomen,  or  else  the  nerve  stimulated  contained  both  vaso- 
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dilator  and  vaso-constrictor  fibres,  and  the  latter  effect  prepondei*ated 
over  the  former.  With  the  former  explanation  the  renal  expansion  is  a 
passive  one,  owing  to  vascular  constriction  produced  elsewhere.  On  the 
latter  assumption  the  renal  expansion  is  a  more  or  less  active  one.  In 
favour  of  the  passive  expansion  is  the  fact  that  the  rise  of  general 
blood-pressure  begins  synchronously  with  this  expansion,  and  therefore 
long  before  the  renal  contraction,  so  that  the  excitation  must  have 
produced  a  vascular  constriction  in  some  other  areas.  It  is  equally  clear 
that  this  particular  nerve  contained  renal  vaso-constrictors,  since  a 
renal  contraction  was  ultimately  produced.  If  the  nerve  contained  only 
vaso-constrictor  fibres,  it  is  not  clear,  to  say  the  least,  why  there  should 
be  such  a  difference  in  the  latent  period  of  those  distributed  to  the  kidney, 
and  those  going  to  the  other  abdominal  vessels.  Hence  it  is  probably 
more  accurate  to  consider  the  mixed  result  as  due  to  the  excitation  of 
a  mixed  nerve,  containing  a  few  vaso-dilator  fibres  in  addition  to  the 
large  number  of  vaso-constrictor  fibres.  This  conclusion  would  not  be 
justifiable  were  it  not  that  observations  will  be  cited  below  actually 
proving  the  existence  of  vaso-dilator  fibres  in  this  and  other  nerves 
distributed  to  the  kidney.  Whichever  view  we  accept  this  experiment 
shows  that  there  was  at  least  some  differentiation  in  the  results 
following  the  nerve  excitation,  and  that  all  the  vessels  supplied  by  this 
nerve  were  not  equally  and  similarly  affected  by  its  excitation.  It  is  to 
be  remembered,  of  course,  that  mixed  effects  on  the  kidney,  like  those 
just  described,  were  not  often  observed.  Much  more  commonly  the 
result  is  a  pure  renal  contraction,  but  these  occasional  results  are 
valuable  in  affording  evidence  of  variations  in  the  course  of  the  nerve 
fibres,  and  also  as  demonstrating  to  a  certain  extent  the  mixed  character 
of  the  nerves. 

lV\sides  the  occasional  dilatation  just  described,  and  also  the  "second- 
ary shrinking"  due  to  a  fall  of  blood-pressure,  itself  caused  by  a  vascular 
dilatation,  the  initial  renal  contraction  is  sometimes  followed  by  a 
"secondary  contraction"  like  that  described  above  with  the  7th  nerve. 
An  example  of  this  is  seen  in  Fig.  7,  Plate  XXIV.  Here  this  "  secondary 
contraction"  is  undoubtedly  of  an  active  character,  although  from  its 
being  small  in  amount  it  does  not  produce  any  observable  effect  on  the 
general  blood -pressure.  This  contraction  is  soon  over,  but  the  subse- 
quent expansion  is  again  frequently  followed  by  a  second  contraction^ 
also  of  an  active  character,  so  that  the  kidney  trace  acquires  the 
character  of  a  Traube  curve.  In  these  instances  then  the  initial 
contraction   of   the   renal   vessels   has   been    followed    by   subsequent 
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blood-pressure,  due  to  a  peripheral  dilatation,  shown  in  the  case  of  the 
kidney,  however,  by  a  passive  or  secondary  shrinking.  The  first  two 
of  the  above  effects  are  constant,  the  third,  i.e.  the  dilatation,  is  not. 
The  relation  of  this  effect  to  what  Dastre  and  Morat  have  termed 
"  surdilatation,"  and  also  the  question  as  to  its  exact  cause,  i.e.  whether 
it  is  an  exhaustion  effect  or  w^hether  it  is  due  to  the  excitation  of  vaso- 
dilator fibres,  will  be  discussed  below. 

10 th  Dorsal  Nerve, 

This  nerve,  prepared  and  excited  in  the  usual  manner,  gives  results 
essentially  similar  to  those  just  described  for  the  8tli  and  !)tli  doi-ssil. 
But  just  as  the  effects  of  the  9th  nerve  are  better  marked  than  those  of 
the  8th,  so  the  results  following  excitation  of  the  10th  are  larger  in 
amount  than  those  seen  with  the  9th  nerve.  Thus,  in  one  instance,  the 
rise  of  general  blood-pressure  was  as  much  as  50  mm.  Hg.,  and  this  is 
by  no  means  an  extreme  case.  Further,  the  renal  contraction  is  always 
well  marked  and  of  a  persistent  character,  the  kidney  but  rarely 
returning  completely  to  its  former  volume.  In  a  few  instances 
excitation  of  this  nerve  has  been  followed  by  a  slight  renal  expansion, 
accompanied,  however,  by  a  small  rise  of  blqod-pressure,  and  in  a  very 
few  cases  the  renal  expansion  has  occurred  alone,  Le.  without  any  rise 
of  blood-pressure.  It  is  possible,  although  not  probable,  that  these 
results  were  due  to  the  excitation  of  vaso-dilator  fibres,  not  to  slight 
spreading  of  the  exciting  current  to  the  cord.  Much  better  evidence, 
liowever,  than  tliis  will  be  adduced  in  favour  of  the  existence  of  vaso- 
dilators; so  although  this  occasional  slight  expansion  with  ordinary 
excitation  may  be  due  to  the  stimulation  of  vaso-dilator  fibres,  yet  such 
facts  as  these  would  not  be  of  much  value  in  attempting  to  prove  their 
existence. 

The  10th  nerve,  however,  affords  an  instance  of  another  occasional 
result  with  ordinary  quick  rates  of  excitation,  and  this  is  well  seen  in 
Fig,  6.  Plate  XXIll.  Here  although  the  usual  effect  is  produced  on  the 
general  blood-pressure,  i.e.  a  marked  rise,  the  kidney  effect  is  a  mixed 
one.  The  contraction  is  preceded  by  a  slight  expansion,  which, 
however,  is  only  slight  from  its  being  interrupted  in  its  course  by  the 
subsequent  contraction.  Now  this  initial  expansion  is  due  to  one  of 
two  things,  either  the  kidney  vessels  were  not  affected  by  the  excitation 
at  first,  i.e.  their  latent  period  was  longer  than  that  of  the  vessels  of  the 
rest  of  the  abdomen,  or  else  the  nerve  stimulated  contained  both  vaso- 
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dilator  and  vaso-constrictor  fibres,  and  the  latter  effect  preponderated 
over  the  former.  With  the  former  explanation  the  renal  expansion  is  a 
passive  one,  owing  to  vascular  constriction  produced  elsewhere.  On  the 
latter  assumption  the  renal  expansion  is  a  more  or  less  active  one.  In 
favour  of  the  passive  expansion  is  the  fact  that  the  rise  of  general 
blood-pressure  begins  synchronously  with  this  expansion,  and  therefore 
long  before  the  renal  contraction,  so  that  the  excitation  must  have 
produced  a  vascular  constriction  in  some  other  areas.  It  is  equally  clear 
that  this  particular  nerve  contained  renal  vaso-coustrictors,  since  a 
renal  contraction  was  ultimately  produced.  If  the  nerve  contained  only 
vaso-coustrictor  fibres,  it  is  not  clear,  to  say  the  least,  why  there  should 
bo  such  a  difference  in  the  latent  period  of  those  distributed  to  the  kidney, 
and  those  going  to  the  other  abdominal  vessels.  Hence  it  is  probably 
more  accurate  to  consider  the  mixed  result  as  due  to  the  excitation  of 
a  mixed  nerve,  containing  a  few  vaso-dilator  fibres  in  addition  to  the 
large  number  of  vaso-constrictor  fibres.  This  conclusion  would  not  be 
justifiable  were  it  not  that  observations  will  be  cited  below  actually 
proving  the  existence  of  vaso-dilator  fibres  in  this  and  other  nerves 
distributed  to  the  kidney.  Whichever  view  we  accept  this  experiment 
shows  that  there  was  at  least  some  differentiation  in  the  results 
following  the  nerve  excitation,  and  that  all  the  vessels  supplied  by  this 
nerve  were  not  e(iu:illy  and  similarly  alfoctcd  by  its  excitation.  It  is  to 
be  remembered,  of  course,  that  mixed  effects  on  the  kidney,  like  those 
just  described,  were  not  often  observed.  Much  more  commonly  the 
result  is  a  pure  renal  contraction,  but  these  occasional  results  are 
valuable  in  affording  evidence  of  variations  in  the  course  of  the  nerve 
fibres,  and  also  as  demonstrating  to  a  certain  extent  the  mixed  character 
of  the  nerves. 

Besides  the  occasional  dilatation  just  described,  and  also  the  "second- 
ary shri]ikii)g"  duo  to  a  fall  of  blood-pressure,  itself  caused  by  a  vascular 
dilatation,  the  initial  renal  contraction  is  sometimes  followed  by  a 
"secondary  contraction"  like  that  described  above  with  the  7th  nerve. 
An  example  of  this  is  seen  in  Fig.  7,  Plate  XXIV.  Here  this  "  secondary 
contraction"  is  undoubtedly  of  an  active  character,  although  from  its 
being  small  in  amount  it  does  not  produce  any  observable  effect  on  the 
gcneml  blood-pressure.  This  contraction  is  soon  over,  but  the  subse- 
quent expansion  is  again  frequently  followed  by  a  second  contraction^ 
also  of  an  active  character,  so  that  the  kidney  trace  acquires  the 
character  of  a  Traube  curve.  In  these  instances  then  the  initial 
contraction   of   the   renal   vessels   has   been    followed    by   subsequent 
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contractionB,  more  or  less  rhythmical  in  their  character,  inasmuch  as  at 
least  two  are  seen  after  the  cessation  of  the  excitation,  and  as  mentioned 
above  when  describing  the  same  effects  with  the  7  th  nerve,  it  is 
probable  that  they  are  due  to  the  excitation  of  the  rhythmical  activity  of 
the  arterial  muscle.  Thus  in  experiments  involving  either  direct  or 
reflex  stimulation  of  vaso-motor  fibres,  it  is  not  uncommon  for  Traube 
curves  to  make  their  appearance  when  the  excitation  has  ceased.  Of 
course  it  is  to  be  understood  that  no  such  curves  were  visible  prior  to 
the  stimulation.  Surely  this  tendency  of  the  muscular  wall  of  the 
vessels  to  undergo  rhythmical  contraction,  after  having  been  thrown  by 
the  stimulus  into  a  state  of  persistent  contraction,  is  allied,  as 
mentioned  above,  to  a  scries  of  cardiac  beats  following  a  single  excita- 
tion. 

Wth  and  12^i  Dorsal  Nerves. 

These  two  nerves  may  be  considered  together,  since  the  effects 
following  their  excitation  are  not  only  essentially  similar  but  they  arc 
also  very  nearly  equal.  These  nerves  pro<lucc  greater  effects  on  the 
kidney  than  any  hitherto  considered.  The  effect  on  the  kidney  is  most 
frequently  contraction  pure  and  simple.  The  mixed  effects  described 
above  are  seen  much  more  frequently  with  the  higher  nerves,  and  but 
rarely  with  these.  On  the  other  hand,  although  the  renal  contraction  is 
very  marked  and  persistent  in  character,  the  rise  of  general  blood- 
pressure  is  not  markedly  greater  than  with  the  middle  nerves  which 
produce  a  smaller  kidney  effect.  These  nerves  afford  evidence  of  there 
being  some  difference  in  the  paths  by  which  the  vaso-constrictor  fibres 
reach  the  different  abdominal  vessels,  since  the  local  and  the  general 
effect  do  not  run  pari  passu.  Hence  with  these  lower  nerves,  such  as  the 
11th  and  12th,  the  amount  of  the  kidney  contraction  is  out  of  proportion 
to  the  rise  of  general  blood-pressure.  Although  the  results  obtained 
from  these  nerves  are  exceedingly  consliint,  yet  not  unfrctiuently  Llic 
"  secondary  shrinking  "  described  above,  accompanied  by  a  fall  of  blood- 
pressure,  is  to  be  observed.  Thus  in  one  instance,  Fig.  8,  Plate  XXIV., 
the  excitation  of  the  12th  nerve  in  the  usual  manner  gave  a  laige  renal 
contraction  and  a  moderate  rise  of  blood-pressure.  The  latter  soon 
returned  to  its  normal  level,  and  then  fell  markedly  below  this  level,  i.e. 
as  much  as  10  mm.  Hg.  This  fall  of  general  blood-pressure  was 
accompanied,  as  seen  in  the  trace,  by  a  very  considerable  "  shrinking  "  of 
the  kidney.     It  will  be  noted  that  no  diminution  of  the  volume  of  the 
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kidney  occurred  with  the  fall  of  the  blood-pressure  to  the  normal  height, 
although  this  fall  was  partly  caixliac,  as  is  seen  by  inspection  of  the  trace, 
hence  the  kidney  vessels  must  have  been  well  contracted.  On  the  other 
hand,  as  soon  as  the  secondary  fall  of  blood-pressure  occurred,  the  kidney 
began  to  shrink  immediately,  so  we  must  assume  that  in  this  case  the 
kidney  simply  diminished  passively  in  volume  owing  to  the  fall  of 
genei-al  blood-pressure.  As  has  been  said  before,  the  full  discussion  of 
this  question  of  "secondary  shrinking"  must  be  reserved  until  the  close 
of  this  paix^r,  when  the  reflex  phenomena  and  the  results  of  excitation 
of  the  spUmchnic  nerve  have  been  considered. 

V3th  Doi'sal  Nerve, 

A  considerable  number  of  observations  were  made  with  thus  nerve, 
but  none  of  the  various  occ«'isional  results  described  above  for  the 
dilTercnt  nerves  were  observed.  That  is  to  say,  this  nerve  gave  uni- 
formly great  contraction  of  the  kidney  and  a  marked  rise  of  blood- 
pressure.  The  renal  contraction  is  not  only  marked  and  persistent  but 
with  this  nerve  no  "secondary  shrinking"  or  indeed  any  other  form  of 
mixed  effect  has  been  observed.  In  all  cjises,  with  the  usual  rate  of 
excitation,  pure  contraction  only  has  been  observed.  This  fact  is  of  very 
con.sidorablo  importance,  since  although  this  nerve  gives  the  most 
constant  results  on  excitation  it  can  be  proved  below  to  contain  vaso- 
dilator fibres  for  the  kidney  in  abundance.  So  that  there  must  be  some 
other  explanation  for  the  mixed  effects  observed  with  the  upper  nerves, 
besides  the  one  assuming  the  existence  of  dilator  fibres,  and  this  expla- 
nation, as  hinted  above,  is  no  doubt  the  fact  that  these  upper  nerves  are 
distributed  largely  to  other  vessels  than  the  kidney  vessels. 

With  the  13th  dorsal  nerve  we  practically  come  to  the  last  nerve 
producing  any  considei*able  effects,  either  on  the  general  blood-pressure 
or  on  the  kidney  vessels. 

1^^,  2nd,  and  3rd  Lumbar  Nef'ves, 

As  just  mentioned  the  effects  of  the  excitation  of  these  lumbar 
nerves  are  but  small,  and  frecjuently  the  Ist  lumbar  gives  no  effect  on 
stimulation  Jis  regards  the  kidney  vessels,  but  there  is  generally  a  slight 
rise  of  genei-al  blood-pressure.  Thus  in  one  case  the  11th  and  12th 
dors&vl  produced  large  effects,  both  on  the  kidney  and  on  the  geneml 
blood-pressure,  yet  the  first  lumbar  gave  no  result  on  the  kidney,  and 
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but  a  small  rise  of  general  blood-pressure.  The  rise  of  blood-pressure 
with  the  12th  nerve  amounted  to  35  mm.  Eg.,  that  with  the  1st  lumbar 
to  10  mm.  Hg. 

In  a  few  cases  the  1st  lumbar  has  given  a  slight  renal  contraction, 
but  there  are  considerable  variations  in  this  respect  Hence  we  may 
conclude  that  although  the  1st  lumbar  contains  some  vaso-motor  fibres, 
3'ct  in  the  majority  of  cases  it  does  not  send  many  to  the  kidney  vessels. 
The  same  is  true  of  the  2nd  lumbar,  the  effects  of  the  excitation  of  this 
nerve  both  on  the  kidney  and  on  the  general  blood-pressure  are  as  a 
rule  very  slight.  In  one  case,  however,  this  nerve  produced  a  fair  eflfoct, 
but  this  is  quite  exceptional. 

In  no  case  has  the  excitation  of  cither  the  Jird  or  4th  lumlwxr  nci-vo 
produced  any  effect  on  the  volume  of  the  kidney,  and  practically  no 
effect  (certainly  no  marked  rise)  has  been  observed  on  the  general 
blood-pressure\ 

We  may  then  conclude  that  the  2nd  lumbar  nerve  marks  the  lower 
limit  of  the  series  of  nerves,  containing  vaso-motor  nerves  for  the  kidney 
and  other  abdominal  vessels.  Just  as,  however,  wo  found  that  there 
were  variations  in  the  position  of  the  upper  limit,  so  the  same  is  true 
for  the  lower  limit  In  other  words,  the  exact  level  at  which  the 
vascular  fibres  begin  to  leave,  and  cease  to  leave,  the  cord  varies  slightly 
in  different  cases. 

Hence  the  most  extended  series  of  nerves  supplying  the 
renal  vessels  begins  at  the  level  of  the  Gth  dorsal,  and  termi- 
nates at  the  level  of  the  2nd  lumbar.  However,  it  is  only 
from  the  10th  to  the  13th  dorsal  that  the  roots  contain 
renal  vaso-constrictor  fibres  in  any  great  abundance. 

Within  the  limits  of  this  smaller  zone  the  results  of  stimulation  are 
practically  constant;  above  and  below  this  zone  various  abnormal  results, 
so  to  say,  arc  frequently  observed.  This  has  been  fully  described 
above. 

II.    Origin  and  Course  of  the  Renal  Vaso-dilators. 

(Figs.  9,  10  and  11.) 

Having  thus  described  the  origin  and  course  of  the  vaso-constrictor 
fibres  in  some  detail,  and  having  mentioned  the  occasional  abnormali- 

^  The  results  of  excitation  of  these  and  the  lower  Inmbar  nerves  will  be  described  in  a 
subsequent  paper. 
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ties  observed,  we  will  now  pass  on  to  the  question  of  the  existence  of 
renal  vaso-dilators,  before  proceeding  to  discuss  fully  the  significance  of 
the  most  important  variations  already  described. 

Hitherto  no  definite  evidence  has  been  adduced  in  support  of 
the  view  of  the  existence  of  vaso-dilators  for  the  kidney  vessels, 
although  many  observers  have  searched  for  them.  With  very  few 
exceptions,  e.g.  chorda,  nervi  erigentes,  it  has  been  found  much  more 
difficult  to  demonstrate  vaso-dilators  than  vaso-constrictors.  A  good 
example  of  this  is  of  course  the  sciatic,  with  reference  to  which  there 
liavc  boon  many  controvoi-sios,  although  now  most  observers  wouhl 
admit  the  existence  in  this  nerve  of  both  sets  of  fibres.  In  the  case  of 
the  kidney  vessels  it  is  clear  that  it  is  much  more  difficult  to  demon- 
strate the  existence  of  vaso-dilator  fibres  than  of  vaso-constrictor 
fibres.  There  are  many  more  experimental  errors  to  eliminate  in  the 
case  of  the  dilator  fibres.  Thus  in  the  case  of  the  vaso-constrictor  fibres 
all  that  is  necessary  is  that  a  given  stimulus  should  be  followed  by  a  renal 
contraction,  accompanied  by  a  rise  of  blood -pressure,  or  if  the  contraction 
is  slight  by  no  alteration  of  blood-pressure.  In  the  case  of  the  constrictor 
fibres  it  is  scarcely  necessary  in  many  cases  to  observe  the  general  blood- 
pressure,  with  the  dilator  fibres  it  is  different  however.  In  the  first  place, 
all  observations  must  be  controlled  by  synchronous  observations  on  the 
general  blood-pressure.  Secondly,  care  must  be  taken  not  to  confound  a 
mere  passive  congestion  of  the  kidney  (due  to  contraction  in  the  other 
areas)  with  an  active  and  true  expansion.  In  other  words,  in  order  to 
prove  the  existence  of  renal  vaso-dilator  fibres  we  must  be  able  to 
produce  at  will  a  dilatation  of  the  kidney  unaccompanied  by  any  rise  of 
blood-pressure.  That  is  to  say,  the  renal  expansion  must  be  accompanied 
either  by  a  fall  of  general  blood-pressure,  or  else  the  general  blood- 
pressure  must  remain  unaffected  during  the  local  dilatation.  It  is  clear 
that  by  this  moans  tlie  error  of  mistaking  a  passive  congestion  for  an 
active  dilatation  is  reduced  to  a  minimum.  Further,  the  renal  expansion 
ought  to  be  marked  in  amount,  as  if  small  it  might  be  passive  in  origin 
and  yet  the  mercurial  manometer  show  no  alteration  of  general  blood- 
pressure. 

It  was  for  this  reason  amongst  others  that  the  oncograph  was 
discarded,  and  a  simple  piston  recorder  used  instead,  as  by  this  latter 
instrument  no  magnification  of  the  kidney  movements  takes  placed 

1  The  apparatas  consists  of  a  g^ass  tube  fitted  with  an  ebonite  piston,  a  writer  is 
attached  at  right  angles  to  the  piston  rod,  so  that  the  movements  of  the  piston,  and  hence 
of  the  oil,  are  recorded. 
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For  this  reason  also  I  do  not  adduce  as  evidence  of  vaso-dilator  fibres 
the  various  occasional  and  slight  expansions  of  the  kidney,  unaccom- 
panied by  any  obvious  changes  of  blood-pressure,  that  have  been 
described  above  as  sometimes  occurring  on  stimulation  of  some  of  the 
lower  dorsal  nerves.  It  is  clear  that  before  admitting  the  existence  of 
vaso-dilator  fibres  for  the  kidney  we  must  be  able  to  produce  active 
expansion  of  the  kidney  at  will,  and  not  rely  simply  on  occasional 
experimental  facts,  since  basing  conclusions  on  occasional  abnormal 
results  is  really  a  form  of  reasoning  in  a  circle.  Similarly,  the 
statistical  method  is  to  be  eschewed,  e.g.  because  a  certain  proportion  of 
cases  gives  abnormal  results,  therefore  there  must  bo  two  sets  of  nerve 
fibres. 

At  the  present  time  there  arc  pnictically  three  methods  uRe<l  in 
order  to  demonstrate  the  existence  of  vaso-dilator  fibres  in  nerves  which 
contain  vaso-constrictor  fibres  as  well,  e.g.  the  sciatic. 

Firstly,  there  is  what  may  be  called  the  anatomical  method.  Thus 
in  the  case  of  the  sciatic,  excitation  of  the  roots  of  the  lumbar  plexus 
produces  dilatation,  whereas  the  stimulation  of  the  abdominal  sympathe- 
tic causes  contraction  of  the  same  vessels.  Hcnco,  in  this  case,  the 
constrictor  fibres  leave  the  spinal  cord  at  a  diiTcront  and  higher  level  Ihau 
the  dilator  fibres  for  the  same  area. 

Secondly,  there  is  the  degeneration  or  Wallcrian  method,  i.e.  the 
division  of  a  nerve  and  the  excitation  of  its  peripheral  end,  some  variable 
but  short  time  after  its  section.  By  this  method  it  is  often  possible  to 
get  evidence  of  dilator  fibres  afler  the  degeneration  of  tho  constrictor 
fibres  and  before  total  degeneration  of  the  nervo\ 

Thirdly,  by  different  methods  of  excitation,  i.e.  the  employment  of 
slow  rhythmical  stimulation  instead  of  the  usual  rapid  interruption  of 
the  ordinary  Du  Bois  Reymond  coil. 

In  the  case  of  tho  kidney,  it  is  clear  that  the  second  of  tho  above 
methods  is  not  so  practicable  as  either  the  first  or  third,  although  it  is 
probably  by  no  means  impossible.  For  this  reason  the  other  two 
methods  were  used,  and  as  yet  no  observations  on  the  results  of  the 
excitation  of  nerves  after  previous  section  have  been  made.  I  trust, 
however,  to  make  them  shortly.  Again,  the  third  or  stimulation  method 
is  probably  the  best  in  the  case  of  the  kidney,  since  the  excitation  of 
the  nerves  from  the  6th  dorsal  to  the  2nd  lumbar  by  the  ordinary 
method  did  not  yield  any  evidence  that  could  be  adduced  with  certainty 
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in  favour  of  the  existence  of  vaso-dilator  fibres.     Nor  did  the  excitation 
of  this  oxtcn<le(l  scries  of  nerves  give  any  chie  to  the  dilators,  if  present, 
running  in  ditterent  channels  to  the  constrictors,  e.g.  the  posterior  roots 
for   instance.      The   occasional    dilatations    observed   were    not    more 
fre<|uently  seen  with  any  one  nerve,  although  on  the  whole  they  were 
most  frequently  absent  with  the  lowest  nerves.     As  mentioned  before, 
these  results  could  not  be  considered  as  in  any  way  giving  good  evidence 
of  the  existence  of  vaso-dilators.     Hence  the  anatomical  method  did  not 
seem   a  promising    one.      There   remained   the   stimulation    by  slow 
rhythmical  shocks,  nnd  this  method  fortunately  gave  clear  and  unmis- 
takeable  proof  of  the  existence  of  these  dilator  fibres.     As  previously 
mentioned,  for  exciting  purposes  when  slow  rates  were  employed,  either 
a  vibrating  reed  with  Uelmholtz's  mollification  was  used,  giving  rates 
varying  from  50  to  5  per  second,  or  if  a  slower  rate  was  needed,  an 
apiK'iratus  interrupting  the  primary  current  once  per  second  was  intro- 
duced into  the  circuit,  and  by  a  contrivance  only  the  break  shocks  were 
used,  the  make  shocks  being  short  circuited.     Before  considering  the 
effects  of  such  slow  excitation  as  1   per  second  it  will  be  necessary 
to    describe   briefly   the   results  when   the   rate   of   excitation   varies 
from   50  to  5  per  second ;  for  the  purpose   of  avoiding  unnecessary 
repetition  we  will  describe  the  effects  when  such  a  nerve  as  the  12th  or 
IJ^th  is  the  one  stinudated.     Any  dificrcncos  between  these  nerves  and 
the   others   will  be   considered  subsc(|uently.     These   two   nerves  arc 
clioson  because,  as  mentioned  above,  they  contain  more  fibres  distributed 
to  the  renal  vessels  than  any  other  nerves.     No  difference  is  to  be 
detected  in  the  results  when  the  rate  of  excitation  is  slowed  from  50  per 
second  to  20,  or  even  10  per  second.      Even  with  this  comparatively 
slow  rate  the  blood-pressure  rises  considerably,  and  the  renal  vessels 
contract.     Although  as  mentioned  in  a  preceding  part  of  this  paper 
tlu'n5  are  (»cc:usional  difliircnces  between  the  length  of  the  latent  |)crio(l 
of  the  renal  contraction  and  that  of  the  rise  of  blood-pressure,  yet  in 
the  majority  of  cases,  and  in  what  may  be  called  the  typical  case,  the 
duration  of  the  latent  period  of  the  two  effects  is  sensibly  equal,  and 
it  is  roughly  about  2''.     Frequently,  however,  it  is  shorter  than  this, 
and  but  rarely  longer  unless  the  animal  is  exhausted  by  hscmorrhage 
shoi'.k,   prolonge<l   stimulation,   &c.     With   slow   rates   of   stimulation, 
however,  marked  elTects  are  produced  on  the  latent  period,  as  is  seen  by 
the  following  experiment     In  this  case  the  13th  dorsal  nerve,  prepared 
in  the  usual  manner,  was  excited  with  a  given  strength  of  cunent 
interrupted  50  times  per  second.     The  stimulus  was  then  repeated,  but 
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with  a  slower  rate,  i.e.  20  per  second  instead  of  60.    In  the  two  coses 
practically  equal  results  were  obtained,  both  on  the  kidney  and  on  the 
general  blood-pressure.     The  latent  periods  of  the  two  effects  were 
practically  the  same,  and  were  equal  to  2".    The  renal  contraction  was 
marked  and  persistent,  and  there  was  neither  a  secondary  fall  of  blood- 
pressure  nor  any  "  secondary  shrinking  "  of  the  kidney  after  the  cessa- 
tion of  the  stimulus.      On  repeating  the  excitation  with   the  same 
strength  of  current,  but  with  the  rate  diminished  to  5  per  second,  very 
different  effects  were  observed.     A  very  slight  contraction  of  the  kidney 
occurred,  and  not  only  was  this  contraction   very   transitory  in   its 
duration,  but  its  latent  period  was  some  4".     The  rise  of  blood-pressure 
still  took  place,  although  to  a  diminishal  extent,  but  its  latent  porio<l 
was  still  2".    Hence  there  was  a  difference  of  some  2"  in  the  latent 
periods  of  the  two  effects.     In  another  cose  not  only  was  there  a 
difference  between  the  latent  periods  of  the  two  effects  amounting  to  2" 
but  the  latent  period  of  the  renal  effect  was  11",  that  of  the  blood- 
pressure  rise  being  9".     Previously  with  a  quicker  rate  of  excitation  the 
duration  of  the  latent  periods  had  been  2*5".     In  both  these  instances 
the  rise  of  general  blood-pressure  was  out  of  proportion  to  the  renal 
contraction,  which  was  of  a  slight  and  transitory  cliaroctcr.     In  another 
instance  with  a  rate  of  excitation  of  10  per  second  the  latent  period  of 
the  renal  contraction  was  2*5";  with  a  rate  of  2  per  second  this  was 
increased  to  55".    In  the  former  case,  with  the  quicker  rate,  the  rise  of 
blood-pressure  was  considerable,  and  the  renal  contraction  marked  and 
persistent.    With  the  slower  rate,  the  rise  of  blood-pressure  was  much 
less,  and  the  renal  contraction  very  small  in  amount,  and  instead  of  being 
persistent  it  gave  way  to  a  fairly  well  marked  dilatation.     In  other 
cases  the  slowing  of  the  rate  of  stimulation  has  prolonged  the  latent 
period  to  as  much  as  8'",  or  even  more.    From  the  consideration  then 
of  the  above  results  it  will  be  seen  that  when  the  rate  of  excitation 
falls  to  about  5  per  second,  not  only  are  the  effects  less  marked  in 
amount,  but  the  renal  contraction  is  more  altered  than  the  rise  of  blood- 
pressure.      Nothing  is  more  remarkable  than  the  fact,  that  although 
with  the  slower  rates  the  renal  contraction  is  not  only  less  in  amount 
but  also  so  much  more  transitory,  yet  notwithstanding  this  there  is 
frequently  a  considerable  rise  of  blood-pressure,  although  of  course  not 
so  much  as  with  the  quicker  rate  of  stimulation.     Further,  and  this  is 
equally  important,  the  latent  periods  of  the  two  effects  arc  no  longer  of 
equal  duration.     Lastly,  the  effect  on  the  kidney  is  frequently  a  mixed 
one,  the  contraction  being  followed  by  expansion.      This  last  result 
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is  one  which  practically  scarcely  ever  occurs  with  ordinary  methods  of 
excitation,  whereas  it  is  quite  common  with  these  slow  rates. 

As  yet,  however  interesting  the  above  results  may  be,  we  have  not 
adduced  any  very  positive  evidence  in  favour  of  the  existence  of  vaso- 
dilator fibres.  This,  however,  is  at  once  obtained  when  the  rate  of 
stimulation  is  still  further  diminished,  so  that  break  shocks  only  are 
sent  into  the  nerve  at  a  rate  of  1  per  s3cond  or  even  1  in  two  seconds. 

When  such  a  nerve  as  the  13th  dorsal  (which  with  quick  rates  of 
stimulation  always  gives  a  renal  contraction  and  a  rise  of  general  blood- 
prcssurc)  is  excited  with  these  slow  rates,  the  kidney  undergoes  marked 
expansion,  and  there  is  no  rise  of  blood-pressure.  The  blood-pressure 
remains  either  at  its  previous  height  or  else  undergoes  a  slight  fall. 
Hence  by  this  difference  in  the  mode  of  excitation  the  same  nerve  can 
be  made  to  give  exactly  opposite  results.  This  is  not  an  occasional 
phenomenon  but  it  is  perfectly  constant.  Just  as  the  quick  rate  of  ex- 
citation invariably  produces  contraction  of  the  kidney,  so  docs  the  slow 
rate  cause  an  expansion.  This  expansion  of  the  kidney  is  well  marked, 
as  will  be  seen  by  reference  to  Figs.  9  and  10,  Plate  XXIV.  It  must 
be  remembered  that  a  piston  recorder  was  used  in  this  experiment,  so 
that  there  was  no  amplification  of  the  kidney  movement,  such  as  is  seen 
with  the  oncograph.  It  is  true  that  the  expansion  is  not  so  great  in 
amount  as  the  contraction  obtained  by  the  stimulation  of  the  same 
nerve  with  a  quick  rate.  This,  however,  can  scarcely  be  expected,  since 
in  all  probability  the  slow  rate  excites  not  only  the  dilator  fibres,  but 
also  the  constrictor  fibres  to  some  slight  extent,  so  that  the  resulting 
dilatation  is  simply  a  preponderance  of  the  one  effect  over  the  other. 
It  may  be  said  that  this  argument  cuts  both  ways,  but  quick  rates 
apparently  do  not  excite  dilator  fibres  in  mixed  nerves,  or  at  any  rate 
do  not  excite  them  to  any  appreciable  extent  Further,  the  quick  rate 
no  doubt  is  a  better  stimulus  to  the  constrictor  fibres  than  the  slow  rate 
to  the  dilators.  At  any  rate  in  all  mixed  nerves,  e.g.  the  sciatic,  it  is 
much  more  difficult  to  obtain  marked  dilatation  than  marked  constric- 
tion, and  no  doubt  the  same  is  true  for  all  nerves  containing  mixed 
vaso-constrictor  and  vaso-dilator  fibres.  Although  the  expansion  is  not 
so  ^rc'it  in  nniount  as  the  contniction,  yet  it  in  of  considerable  amplitude, 
so  that  no  doubt  can  be  entertained  of  its  .active  nature,  when  it  is 
remembered  tliat  there  is  no  synchronous  cliange  of  blood-pressure 
capable  of  causing  it  passively.  This  renal  expansion  has  a  short  latent 
period,  and  the  rate  of  expansion  is  slow,  considerably  slower  than  the 
rate  of  contraction  for  the  same  nerve.     Like  the  contraction  effect. 
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however,  the  expansion  is  of  a  persistent  character,  and  generally  the 
kidney  remains  for  a  variable  time  more  expanded  than  it  was 
previously  to  the  stimulation.  There  is  thus  an  after-effect  in  the  same 
direction  as  the  excitatory  change,  both  when  the  kidney  contracts  and 
also  when  it  expands;  in  the  former  case  it  remains  more  or  less 
permanently  partially  contracted,  in  the  latter  case  partially  expanded. 
We  may,  then,  sum  up  the  facts  with  regard  to  such  a  nerve  as  the  13tli 
dorsal  in  the  following  way.  Quick  rates  produce  contraction,  slow 
rates  expansion,  of  the  kidney.  With  the  former  effect  the  general 
blood-pressure  rises,  with  the  latter  effect  it  remains  either  constant  or 
else  a  slight  fall  occurs.  With  intermediate  rates,  e.g.  5  per  second,  a 
slight  rise  of  blood-pixjssurc  is  produced,  and  a  very  small  contraction  of 
the  kidney  of  transitory  duration. 

From  these  results,  then,  we  may  conclude  that  the  13th  dorsal 
contains  not  only  vaso-constrictor  fibres  for  the  vessels  of  the  kidney, 
but  also  that  vaso- dilator  fibres  are  present  in  abundance. 

The  same  results  are  seen  with  the  12th  nerve,  and  the  expansion 
produced  by  slow  rates  is  quite  as  marked  with  this  nerve  as  with  the 
13th,  so  that  tliis  nerve  also  contains  dilator  fibres  for  tlic  renal  vessels. 

When  we  pass  to  the  higher  nerves  somewhat  different  results  are 
obtained  with  slow  rates,  results  essentially  the  same  as  those  seen  on 
excitation  of  the  splanchnic,  with  the  same  slow  rates.  In  the  first 
place  it  is  rare  to  obtain  a  renal  dilatation  with  these  nerves,  it  is  more 
common  to  get  either  the  familiar  rise  of  blood-presaure  with  a  mixed 
renal  effect,  or  else  for  no  effect  to  be  apparently  produced  by  the 
stimulus,  and  then  Jiftcr  a  long  latent  period  to  obtain  a  slight  fall  of 
blood-pressure,  accompanied  by  a  pixssive  shrinking  of  the  kidney.  It 
will  be  more  convenient  to  consider  these  results  when  we  are  discussing 
the  results  of  the  same  mode  of  excitation  on  the  splanchnic  nerve.  It 
is  however  from  the  10th  nerve  upwards  that  the  results  are  similar  to 
those  obtained  from  the  splanchnic.  The  11th  nerve  gives  results  like 
the  12th  and  13tli,  btit  not  quite  so  marked. 

No  effects  have  as  yet  been  obtained  by  the  slow  stimulation  of  the 
lumbar  nerves,  although  it  is  probable  that  sometimes  results  might  be 
obtained  from  the  1st  lumbar,  similar  to  those  obtained  from  the  13th 
dorsal. 

At  first  sight  it  may  seem  somewhat  unsatisfactoiy  that  a  true 
active  dilatation  of  the  kidney  is  only  to  be  obtained  by  the  stimulation 
of  such  a  comparatively  restricted  series  of  nerves  as  the  11th,  12th  and 
13th  doi'sal.     A  moment  s  reflection  will  show,  however,  that  these  are 
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the  very  nerves  that  have  been  shown  above  to  be  those  containing 
inost  of  the  vaso-constrictor  fibres  that  are  distributed  to  the  renal 
vessels.  Hence  finding  the  most  definite  evidence  of  vaso-dilators 
where  the  vaso-constrictor  fibres  are  the  most  abundant,  is  very  clear 
evidence  that  the  two  sets  of  nerve  fibres  do  not  pursue  different  paths 
to  reach  the  kidney  vessels.  No  doubt  vaso-dilator  fibres  run  also  in  the 
1st  lumbar  occasionally,  just  as  it  has  been  shown  above  that  vaso- 
constrictor fibres  do,  but,  as  was  mentioned,  there  are  considerable 
variations  in  different  cases,  in  regard  to  this  nerve.  Frequently  no  vaso- 
constrictor fibres  can  be  demonstrated  in  it,  and  this  is  usually  true  for 
dilator  fibres  also.  No  doubt  the  excitation  of  the  1st  lumbar  by  slow 
rates  in  a  large  number  of  cases  would  occasionally  produce  dilatation, 
but  as  yet  in  the  comparatively  small  number  of  observations  made  on 
this  nerve  no  dilatation  was  obtained.  Inasmuch  as  such  definite 
evidence  was  obtained  with  the  11th,  12th,  and  13th  nerves  where  the 
constrictors  are  so  abundant,  it  was  not  thought  worth  while  to  make  a 
long  series  of  experiments  on  the  1st  lumbar,  where  constrictor  fibres 
are  so  scanty  and  variable. 

Having  thus  determined  the  existence  of  vaso-dilator  fibres  for  the 
renal  nerves  in  those  spinal  roots  where  vaso-constrictor  fibres  are  most 
abundant,  there  remains  the  question  as  to  why  the  middle  dorsal  nei'ves, 
i.e.  from  the  ()l.h  to  the  10th,  do  not  produce  renal  expansion  with  slow 
rates  of  excitiition,  seeing  that  quick  rates  of  excitation  produce  renal 
contraction.  This  (picstion  will  be  most  easily  settled  by  the  considera- 
tion of  the  phenomena  following  excitation  of  the  splanchnic  nerve. 


III.    The  Phenomena  following  Excitation  of  the 
Si»LAN(JjiNic  Neuvk.     (Figs.  12  and  13.) 

This  nerve  was  exposed  from  the  back,  by  making  an  incision 
an  inch  and  a  half  long  at  the  outer  border  of  the  erector  spinas,  over 
the  last  two  ribs  and  on  the  side  desired.  The  sheath  of  the  muscle 
is  opened  and  the  muscle  itself  separated  from  its  attachments  in  the 
limited  area  exposed  and  removed  en  masse.  All  bleeding  vessels  are 
seized  with  Spencer  Wells'  forceps  and  twisted  or  tied.  The  11th  or 
12th  rib  was  then  resected,  or  at  least  an  inch  of  it  removed,  and  then 
the  splanchnic  nerve  can  be  easily  reached,  ligatured,  divided  and  the 
peripheral  end  arranged  for  excitation.  As  a  rule  the  nerve  was 
stimulated  above  the  level  of  the  11th  rib,  that  is  to  say,  above  the 
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ramus  communicans  from  the  11th  spinal  nerve.  Hence  the  nerve  at 
the  point  of  excitation  contained  the  fibres  that  it  had  received  from 
the  spinal  nerves,  down  to  and  including  those  derived  from  the  10th 
dorsal. 

When  a  stimulus  of  moderate  intensity  and  quickly  interrupted  is 
applied  to  tliis  nerve,  the  familiar  facts  of  a  rise  of  general  blood- 
pressure  accompanied  by  a  marked  renal  contraction  are  observed. 
This,  of  course,  was  observed  long  ago,  and  carefully  investigated  by 
Boy^  amongst  others.  The  rise  of  blood-pressure  is  of  course  large,  and 
as  a  rule  it  is  more  persistent  than  when  a  single  nerve  root  is  excited. 
On  the  other  hand,  the  total  rise  of  pressure  may  not  be  greater  than 
when  a  single  root  is  strongly  excited,  of  course  as  a  rule  it  is  greater 
with  the  splanchnic  than  with  a  single  root.  The  contraction  of  the 
kidney  is  also  of  course  very  marked  and  long-continued,  but  occasionally 
this  contraction  is  followed  by  a  slight  expansion.  This  expansion, 
however,  occurs  only  some  minutes,  e.g.  two  after  the  cessation  of  the 
excitation.  In  other  words,  the  organ  remains  with  its  vessels  slightly 
less  contracted  than  previously  to  the  excitation.  It  in  no  way 
resembles  the  active  dilatation  described  above,  as  occurring  when 
certain  nerve  roots  are  excited  by  means  of  slow  rhythmical  shocks.  It 
differs  from  these  effects  by  the  great  length  of  time  between  the 
excitation  and  its  occurrence.  In  one,  the  splanchnic  was  stimulated 
for  five  seconds,  and  this  after-effect  of  permanent  expansion  occurred 
between  two  to  three  minutes  after  the  cessation  of  the  excitation. 
This  after-effect  of  renal  dilatation  is  probably  not  due  to  the 
stimulation  of  vsiso-dilator  fibres,  since  there  is  no  fall  of  general  blood- 
pressure,  although  this  would  not  occur  unless  the  dilakition  was  not 
only  extensive  but  also  considerable  in  amount.  We  will  return  to  this 
point  later  on,  at  present  it  is  sufficient  to  note  the  fact  that  the  renal 
contraction  is  sometimes  followed  by  an  after-effect  of  dilatation.  These 
facts  are  of  course  not  new,  and  they  have  only  been  inserted  hei^, 
partly  for  the  sake  of  coni[>loting  the  account,  luid  p:irtly  i\A  a  conlnist 
to  the  effects  following  slow  excitation  of  the  same  nerve  with  the  same 
strength  of  current. 

When  the  splanchnic  prepared  as  above  is  excited  by  slow  rhyth- 
mical shocks,  i.e.  1  per  second  instead  of  50  per  second,  a  fall  of  general 
blood-pressure  is  observed  instead  of  the  rise  that  is  so  well  known 
to  follow  ordinary  excitation.  This  fall  of  general  blood-pressure  is  well 
marked,  amounting  in  many  cases  to  15  to  20  mm.  Hg.    Although  well 
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marked  it  is  slow  and  gradual  in  its  course,  resembling  in  ibis  respect  a 
depressor  curve,  and  contrasting  markedly  witb  the  sudden  rise  produced 
by  ordinary  rapid  stimulation.  This  fall  of  blood-pressure  persists 
during  the  excitation,  but  on  shutting  off  the  cuixent  a  sudden  rise  of 
pressure  is  frequently  seen  to  occur.  This  rise,  however,  is  but  slightly 
marked,  that  is  to  say,  the  blood-pressure  curve  does  not  rise  much 
higher  than  its  previous  normal  height  Further,  this  rise  is  of  but 
transitory  duration,  and  hence  contrasts  with  the  fall.  As  a  rule  this 
sudden  rise  of  the  pressure  lasts  but  some  10",  and  then  the  pressure 
falls  to  its  previous  low  level,  that  is  to  say,  sinks  below  the  normal,  and 
then  slowly  regains  the  height  at  which  it  stood  previously  to  the 
excitation.  This  sudden  elevation  of  pressure,  occurring  so  to  say  on 
the  top  of  the  fall  of  pressure,  is  not  always  to  be  observed,  and 
apparently  it  is  not  entirely  dependent  on  the  amount  of  the  preceding 
fall.  Thus  in  some  cases  a  slight  fall  is  followed  by  a  considerable  afber- 
risc,  in  others  a  considerable  fall  by  a  small  after-rise.  In  all  cases, 
however,  slow  rhythmical  excitation  produces  a  fall  of  general  blood- 
pressure,  although,  as  just  mentioned,  the  return  of  the  pressure  to  the 
normal  height  is  frequently  not  interrupted  by  any  sudden  rise.  The 
fall  of  pressure  may  in  some  cases  be  very  slight,  e.g.  5  mm.  Hg.,  but 
frequently  it  may  amount  to  20  mm.  Hg.  Owing  to  the  mode  of 
pn^paratiou  this  rosnit  is  clearly  due  to  a  i)oriplunal  effect,  and  not  to 
any  reflex  excitation,  since  by  exposing  the  nerve  from  the  back  a  long 
length  of  it  is  obtained,  and  there  is  no  danger  of  any  spreading  of  the 
current  to  the  central  end.  Hence  we  must  assume  that  the  results  are 
due  to  the  excitation  of  certain  efferent  fibres  in  this  nerve. 

The  examination  of  the  behaviour  of  the  kidney,  whilst  the  above 
changes  are  seen  in  the  blood-pressure,  throws  considerable  light  on  their 
significance.  During  the  fall  of  aortic  pressure  the  kidney  shrinks  slowly 
and  gradually,  and  during  the  subsequent  sudden  and  transitory  rise  the 
kidney  undergoes  an  equally  sudden  and  transitory  expansion.  Thus 
the  kidney  curve  is  exactly  similar  to  the  blood-pressure  curve,  and  so 
we  must  conclude  that,  inasmuch  as  the  changes  in  the  volume  of  the 
kidney  are  such  as  would  be  produced  by  the  blood-pressure  alterations, 
the  renal  vessels  are  only  affected  indirectly  and  in  a  passive  manner. 
It  is  obvious  that  if  the  shrinking  of  the  kidney  were  due  to  an  active 
constriction  of  its  vessels  the  blood-pressure  ought  to  be  raised.  On 
the  other  hand,  if  the  nerve  excitation  has  caused  a  peripheral  dilatation 
it  might  bo  expected  that  the  kidney  would  expand.  This,  however,  is 
only  true,  if  in  the  first  place  the  kidney  vessels  are  concerned  in  the 
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dilatation,  and  secondly  if  there  is  no  great  dilatation  elsewhere.  If, 
for  instance,  all  the  abdominal  vessels  dilate,  it  is  quite  possible  for  the 
kidney  to  diminish  in  bulk,  even  if  its  own  vessels  took  part  in  that 
dilatation,  owing  to  the  large  quantity  of  blood  diverted  into  the  other 
abdominal  vessels,  e.g.  the  intestinal  vessels.  The  question  as  to  whether 
the  kidney  will  expand  or  not,  is  one  that  is  decided  not  only  by  the 
changes  occurring  in  the  renal  vessels,  but  the  ratio  of  this  change  to 
that  occurring  simultaneously  elsewhere. 

Similarly  it  is  clear  that  the  sudden  expansion  of  the  kidney  during 
the  transitory  rise  of  pressure  after  the  cessation  of  the  excitation  is  not 
the  cause  but  the  effect  of  that  rise  of  pressure.  Fig.  13,  Plate  XXV. 
Hence  we  can  explain  the  fall  of  pressure  and  the  shrinking  of  the 
kidney  as  both  being  due  to  a  peripheral  dilatation  caused  by  the 
rhythmical  excitation,  and  this  dilatation  is  mostly  produced  in  all 
probability  in  the  intestinal  vessels.  Although  the  renal  vessels  are 
affected  passively,  it  is  probable  that  really  some  active  dilatation  occurs 
in  them  also,  but  its  effects  are  quite  masked,  owing  to  the  small  size 
of  the  renal  area  compared  to  that  formed  by  the  rest  of  the  abdominal 
vessels. 

We  must  conclude  then  that  the  splanchnic  nerve  contains  not  only 
vaso-constrictor  fibres  but  also  vaso-dilator  fibres.  Although  the  above 
experiment  clearly  demonstrates  that  this  nerve  contained  vaso-dilator 
fibres  for  the  abdominal  vessels,  yet  it  might  be  thought  that  it  gave  no 
evidence  of  renal  vaso-dilators  in  the  splanchnic.  In  no  case  has 
excitation  of  this  nerve  caused  an  expansion  of  the  kidney  unaccom- 
panied by  a  rise  of  blood-pressure.  On  the  other  hand,  if  the  curves 
obtained  with  slow  excitation  are  examined,  it  is  seen'  that  although 
the  kidney  is  shrinking,  yet  the  heart-beats  are  much  better  marked  on 
the  kidney  trace  during  this  shrinking  than  they  are  on  the  trace 
previously  to  the  excitation.  This  again  affords  evidence,  if  it  were 
needed,  that  this  shrinking  is  not  due  to  an  active  contiiiction  of  the 
renal  vessels,  but  that  it  is  a  passive  effect  due  to  dilatation  produced 
elsewhere.  At  the  same  time  this  increased  visibility  of  the  heart-beats 
tends  to  show  that  the  renal  vessels  themselves  were  less  rigid,  i.a  that 
they  also  had  become  dilated  as  a  result  of  the  excitation,  but  that  for 
the  reasons  given  above,  this  renal  dilatation  was  not  associated  with  an 
actual  increase  in  the  volume  of  the  kidney. 

It  is  of  course  to  be  understood  that  in  all  the  above  instances  rapid 
excitation  of  the  nerve  caused  as  usual  renal  contraction  and  heightened 
arterial  tension. 
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Having  thus  dcmoDstraied  by  means  of  slow  rhythmical  excitation 
that  the  splanchnic  contains  vaso-dilator  fibres  for  the  abdominal  blood 
vessels,  the  renal  vessels  amongst  others,  we  will  now  consider  the  effects 
of  excitation  of  the  splanchnic  by  intermediate  rates,  the  above  results 
being  obtained  only  if  rates  as  slow  as  1  per  second  are  used,  or  in  many 
cases  still  slower  rates  are  necessary,  e.g.  1  in  two  seconds. 

If  the  nerve  is  excited  by  stimuli  a  little  more  frequent  than  the 
above,  but  not  more  than  two  per  second,  it  will  be  found  that  prac- 
tically no  eiToct  is  produced  during  the  excitation,  unless  this  bo 
prolongcil  to  40"  or  thereabouts.  On  shutting  off  the  current,  however, 
if  the  stimulation  has  not  been  very  long,  or  after  a  long  latent  period 
if  the  nerve  be  excited  for  say  40",  a  slight  fall  of  blood-pressure  occurs, 
accompanied  by  a  passive  shrinking  of  the  kidney.  That  is  to  say, 
essentially  the  same  results  are  obtained,  but  their  latent  period  is 
longer  and  their  amount  is  less.  It  is  important  to  note  that  these 
effects  are  also  produced  on  shutting  off  the  current,  when  during  the 
excitation  no  effect  has  been  produced,  either  on  the  kidney  or  the 
blood-pressure.  In  these  cases  the  phenomena  are  practically  the  same, 
as  what  has  been  described  above  as  the  "  secondary  shrinking  "  of  the 
kidney,  seen  when  certain  nerve  roots  were  excited  in  the  usual  manner 
with  quick  rates.  With  very  slow  rates  then  these  phenomena  occur 
during  the  stimulation,  with  slow  rntcs  they  occur  when  the  current  is 
shut  off;  with  ({uick  rates  they  are  only  occasionally  seen,  and  then 
only  after  cessation  of  the  excitation.  In  all  three  cases  the  phenomena 
arc  essentially  similar,  i.e.  a  fall  of  blood-pressure  due  to  peripheral 
dilatation.  There  is,  however,  this  important  point,  that  whereas  with 
quick  rates  these  effects  are  preceded  by  those  dependent  on  peripheral 
contraction,  with  slow  rates  they  occur  without  any  such  preceding 
constriction.  Dastre  and  Morat^  have  observed  the  same  phenomena 
in  other  ciisea  They  find  that  the  excitation  of  a  so-called  vaso* 
constrictor  nerve  produces  of  course  constriction  of  the  vessels  to  which  it 
is  distributed,  and  that  afterwards  this  is  followed  by  dilatation.  To 
this  dilatation  they  gave  the  name  of  surdilatation,  but  it  is  clear  that 
it  is  really  the  same  condition  that  I  have  called  in  the  kidney 
"secondary  shrinking,"  in  order  to  point  out  its  difference  from  an 
active  contniction,  although  in  both  cases  the  volume  of  the  kidney 
dinunishes.  Hence  this  ''secondary  shrinking*'  of  quick  excitation 
being  due  to  peripheral  dilatation  in  a  large  area,  and  being  the  same 
as  the  surdilatution  of  the  French  observers,  there  remains  the  question 

'  Dastre  ct  Morai,  Syst^me  Nerveux  VasO'Moteur,  p.  28. 
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as  to  its  nature.     The  French  observers  consider  it  is  an  exhaustion 
phenomenon,  since  they  only  observed  it  after  preceding  constriction. 
They  considered  that  the  excitation  increased  the  tonic  contraction  of 
the  muscular  wall  of  the  vessel,  and  that  then  the  muscle  became 
exhausted,  and  hence  ensued  a  tempomry  dilatation.    This  explanation 
is  no  doubt  a  simple  one,  and  one  quite  capable  of  explaining  the  results 
when  these  are  the  after-effects  of  a  preceding  contraction,  such  as  is 
the  case  when  quick  rates  of  excitation  are  used.     It  Yi^  been  shown 
above,  however,  that  with  slow  rates  the  same  effects  are  seen  without 
any  preceding  contraction,  and  with  very  slow  rates  these  effects  are 
increased  in  amount,  and  are  really  the  results  of  the  excitation  of 
dilator  fibrca    It  is  clear  that  with  slow  rates  they  cannot  be  exhaus- 
tion phenomena,  since  no  active  process  has  preceded  them.     Hence  we 
must  conclude  that  in  all  cases  they  are  the  result  of  the  stimulation  of 
dilator  fibres.     We  may  then  further  conclude,  that  where  these  effects 
are  seen  after  ordinaiy  excitation  of  a  so-called  vaso-constrictor  nerve 
we  are  in  reality  exciting  a  mixed  nerve,  containing  both  vaso-constric- 
tor and  vaso-dilator  fibres. 

Wlicn  such  a  mixed  nerve  is  excited  with  cither  very  slow  or  with 
quick  rates,  although  opposite  effects  are  produced,  yet  in  all  probability 
both  sets  of  fibres  are  really  excited,  only  in  one  case  one  effect 
preponderates,  in  the  other  case  the  other.  Not  only  is  this  the  case, 
but  sometimes  there  is  a  tendency  for  the  one  effect  to  be  produced 
during  the  passage  of  the  current,  and  the  second  or  opposite  effect  to 
occur  when  the  current  is  shut  off.  Thus  we  have  seen  that  with  quick 
rates  the  dilator  effect  occurs  after  the  cessation  of  the  stimulus. 
With  slow  rates  the  same  is  sometimes  seen,  i.e.  when  the  current  is 
shut  off  a  slight  constrictor  effect.  An  example  of  this  is  the  transitory 
rise  of  pressure  described  above,  as  occurring  sometimes  on  slow 
excitation  of  the  splanchnic.  These  opposite  effects  of  slow  and  quick 
rates  of  excitation,  and  also  the  results  seen  on  shutting  off  the  current, 
are  phenomena  by  no  means  confined  to  nnxed  vascular  nerves.  In  the 
case  of  gland  nerves*  I  have  shown  that  slow  and  quick  rat«s  produce 
opposite  electrical  variations,  and  also  that  sometimes  no  effect  is 
produced  during  the  passage  of  the  exciting  current,  but  that  an  effect 
both  electrical  and  secretory  is  seen  when  the  current  is  shut  off. 
What  the  explanation  is  we  do  not  know,  but  although  in  mixed 
vascular  nerves  slow  rates  of  excitation  cause  dilatation,  and  quick  rates 

'  Bradford,  this  Journal,  Vol.  ix.,  p.  21K). 
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contraction,  it  is  probably  not  true  that  the  latter  only  excites,  vaso- 
constrictor fibres,  and  the  former  only  vaso-dilator  fibres. 

Finally,  we  conclude  that  the  splanchnic  nerve  contains  not  only 
vaso-constrictor  but  also  vaso-dilator  fibres  for  the  vessels 
of  the  abdominal  viscera  and  for  the  renal  vessels  amongst 
the  rest.  There  are,  however,  more  dilator  fibres  for  the  renal  vessels 
in  the  roots  of  the  lowest  dorsal  nerves,  as  shown  above.  We  must 
further  conclude  that  there  is  no  evidence  to  show  that  the  renal  vaso- 
dilators reach  the  kidney  vessels  by  different  paths  to  those  followed  by 
the  constrictors,  and  just  sis  the  renal  constrictors  arc  most  abundant  in 
the  lowest  dorsal  roots,  so  are  the  dilators. 


IV.    The  Phenomena  following  Excitation  of  the  peripheral 

END  of  the  Divided  Vagus. 

Stimulation  of  this  nerve  in  the  neck  causes  of  course  marked 
contraction,  or  rather  shrinking  of  the  kidney,  owing  to  the  action  of 
this  nerve  on  the  heart.  It  is  well  to  remember  that  the  iiilii- 
bitory  action  of  the  vagus  is  not  abolished  by  the  doses  of  curare 
used  in  this  research,  which  were  only  sufficient  to  paralyse  the  motor 
end  plates.  After  the  injection  of  a  small  dose  of  atropin  excitation  of 
the  cervical  vagus  causes  no  effect  on  the  volume  of  the  kidney. 
Excitation  of  the  nerve  in  the  thorax  after  it  has  given  off  its  cardiac 
fibres  also  produces  no  effect  on  the  volume  of  the  kidney.  Hence  the 
vagus  does  not  supply  any  fibres  to  the  vessels  of  the  kidney.  These 
results  are  of  course  quite  in  accordance  with  the  facts  observed  by 
lloyS  and  are  only  cited  here  in  confirmation  of  his  results,  since 
recently  some  French  observers '  have  obtained  diminution  in  the  flow 
of  urine  as  a  result  of  vagal  stimulation.  However,  inasmuch  as  this 
nerve,  at  any  rate  in  the  dog,  gives  no  vascular  fibres  to  the  renal 
vessels,  the  discussion  of  this  result  must  be  postponed  to  a  future 
paper,  where  I  hope  to  consider  the  phenomena  of  the  renal  secretion, 
hero  we  are  only  concerned  with  tlie  renal  circulation,  and  the  vagus 
has  no  coction  on  this  apart  from  its  cardiac  action. 
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V.    The  Reflex  Phenomena  of  the  Renal  Vesseus. 

(Figs.  14  to  20.) 

Wc  have  to  consider  under  this  heading  not  only  the  sciatic,  vagus, 
depressor  and  intercostal  nerves,  but  also  the  effects  following  the 
stimulation  of  the  central  ends  of  the  posterior  roots  of  the  nerves,  which 
have  been  shown  above  to  supply  the  kidney.  We  will,  however,  begin 
with  the  sciatic, 

(A,)    Results  foUomng  excitation  of  the  central  end  of  the  scicUic, 

When  the  central  end  of  the  divided  sciatic  is  stimulated,  the  excita^ 
tion  is  followed,  as  has  been  shown  by  Roy,  by  a  well-marked  contraction 
of  the  kidney,  accompanied  by  a  marked  rise  of  general  blood-pressure. 
I  have  very  little  to  add  to  this,  which  is  the  usud  effect.  The  kidney 
contraction  is  a  sudden  one,  it  is  also  persistent  and  the  blood-pressure 
rise  is  of  course  marked,  and  there  is  no  after-fall  of  pressure  in  by  far 
the  greater  number  of  cases.  Very  rarely,  in  fact  only  once  or  twice,  tlio 
rise  of  blood-pressure  has  been  accompanied  by  a  slight  exixinsion  of  the 
kidney.  This  result  was  observed  on  a  rabbit,  but  in  this  case  neither 
the  effect  on  the  kidney  nor  that  on  the  blood-pressure  was  at  all 
marked,  and  it  is  more  than  probable  that  the  slight  renal  expansion 
was  not  active,  but  was  a  passive  effect  due  to  simultaneous  rise  of 
pressure.  So  that  contraction  of  the  kidney  following  this  excitation  is 
a  most  constant  result,  as  in  no  case  has  any  marked  expansion  been 
observed. 

In  some  cases  of  course  excitation  of  this  nerve  is  followed  not  by  a 
rise  of  blood-pressure  but  by  a  marked  fall,  amounting  in  many  cases  to 
as  much  as  25  mm.  Hg.  This  effect  was  perhaps  most  marked  in  some 
experiments  on  this  nerve  in  a  cat.  In  this  case  the  stimulation  of  the 
sciatic  was  followwl  by  a  fall  of  tvi  much  as  2(i  mm.  Tig.  Along  with 
this  fall  of  blood-pressure  the  kidney  underwent  a  considerable  contrac- 
tion, as  is  seen  in  Fig.  20,  Plate  XXYI.  We  may  conclude  that  the  reflex 
dilatation  causing  the  fall  of  blood-pressure  occurred  in  a  large  area^  and 
that  the  kidney  vessels  were  only  secondarily  affected.  In  some  cases, 
however,  the  character  of  the  kidney  contraction  seemed  to  show  that 
its  own  contraction  was  an  active  one,  and  that  the  fall  of  pressure  was 
hence  due  to  a  large  dilatation  elsewhere.  Other  facts  pointing  to  the 
conclusion  that  the  excitation  of  this  nerve  affects  other  areas  more 
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markedly  than  it  affects  the  kidney  vessels,  were  obtained  in  this  same 
animal.  Thus  sometimes  this  nerve  caused  a  rise  of  blood-pressure 
accompanied  by  a  recal  contraction,  and  at  other  times  a  slight  rise  of 
blood-prcssurc  followed  by  a  fall  was  seen.  In  this  last  case  during  the 
rise  of  pressure  the  kidney  volume  was  unaffected,  but  synchronously 
with  the  fall  the  kidney  underwent  a  marked  passive  contraction. 
This  result  is  most  easily  explicable  on  the  hypothesis  that  the  rise  and 
fall  of  pressure  were  produced  mainly  by  vascular  changes,  not  occurring 
in  the  kidney  vessels  but  probably  produced  in  the  largo  area  of 
intestinal  vessels. 

It  is  clear  from  the  consideration  of  the  above  and  of  many  other 
cxi>erimcnts  that  the  reflex  phenomena  arc  very  complicated,  and  no 
doubt  the  results  obtained  depend  largely  on  the  condition  of  the  centre 
at  the  moment  when  the  stimulus  from  the  periphery  is  received.  It  is 
certain,  however,  that  practically  in  all  cases  the  kidney  undergoes 
contraction,  generally  active  but  sometimes  passive.  This  point  is  one 
of  iuiportancc  and  hence  the  stress  laid  on  it  here.  Further  it  is 
probable  that  the  kidney  vessels  are  less  affected  by  the  reflex 
stimulation  than  many  other  vessels,  and  more  especially  the  intestinal 
vessels. 

(/?.)    ResidUi  followiiuj  cxciUUion  of  tlie  ceiUral  end  of  an 

iivtei'costal  nerve. 

The  excitation  of  the  central  end  of  a  divided  intercostal  nerve  is 
followed  by  a  slight  rise  of  the  general  blood-pressure,  accompanied  by  a 
contraction  of  the  kidney.  The  effects,  however,  are  not  large,  the  rise 
of  blood-pressure  being  generally  about  15  mm.  Hg.,  and  the  contrac- 
tion of  the  kidney  is  by  no  means  considerable.  In  no  case,  however, 
luis  any  other  cH'oct  than  contraction  of  the  kidney  boon  observed.  In 
a  few  instances  a  fall  of  blood-pressure  has  been  observed  on  the 
excitation  of  these  nerves,  but  in  these  cases  the  kidney  volume  was  not 
being  registered ;  from  analogy,  however  we  may  conclude  that  this  fall 
of  blood-pressure  would  be  accompanied  by  a  passive  shrinking  of  the 
kidney. 

(C)    Residts  following  excitation  of  (Jie  central  end  of  the  vagus. 

The  results  of  the  excitation  of  the  central  end  of  the  divided  vagus 
(tho  opposite  vagus  being  cut)  have  been  observed  in  the  dog,  cat  and 
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rabbit.  The  Btimulation  is  followed  by  a  rise  of  blood-prcasure, 
accompanied  by  a  contraction  of  the  kidney  of  the  usual  character.  If, 
however,  the  excitation  be  frequently  repeated  it  will  be  found  that  the 
effect  on  the  kidney  undergoes  considerable  alteration,  at  a  time  when 
the  stimulus  still  causes  a  rise  of  blood-pressure,  although  this  may  be 
less  marked  in  amount  than  previously.  That  is  to  say,  that  although 
the  rise  of  blood-pressure  is  due  to  a  peripheral  constriction  of  vessels, 
the  kidney  vessels  soon  do  not  take  part  in  this  constriction,  or  if  they 
still  do  so,  it  is  to  a  markedly  less  extent  than  previously.  Hence  in 
some  cases  the  change  in  the  volume  of  the  kidney  is  a  mixed  one,  and 
occasionally  the  kidney  undergoes  a  slight  expansion  during  the 
heightening  of  the  general  blood-prcssurc.  iVs  a  rule,  however,  the 
kidney  undergoes  a  pure  contraction  provided  the  blood-preasure  simply 
rises. 

m 

(D.)    Besulta  following  excitation  of  the  central' end  oftlie  depressor. 

The  effects  following  the  excitation  of  the  central  end  of  this  nerve 
were  obseiTcd  in  mbbits,  but  very  frequently  the  stimulation  of  the 
central  end  of  the  divided  vagus  in  the  cat  gives  very  good  and. typical 
depressor  effects,  so  that  the  following  statements  apply  quite  as  much 
to  the  cat  as  to  the  rabbit  In  the  dog  it  is  but  rarely  that  a  depressor 
effect  is  seen  to  follow  stimulation  of  the  central  end  of  the  vagus,  but 
in  the  cat  this  result  is  in  my  experience  more  common  than  the  rise 
of  general  blood  pressure. 

Both  in  the  cat  and  rabbit  the  first  point  that  is  striking  is,  that 
although  the  excitation  causes  a  very  great  fall  in  the  general  blood- 
pressure,  yet  the  effects  on  the  kidney  are  comparatively  very  small, 
much  less  for  instance  than  the  effects  produced  by  stimulation  of  the 
central  end  of  the  sciatic.  In  by  far  the  greater  number  of  cases  the 
great  fall  in  the  general  blood-pressure  is  accompanied  by  a  com- 
paratively small  diminution  in  the  volume  of  the  kidney.  The  UhxHl- 
pressure  curve  and  the  kidney  curve  follow  one  another  exactly,  so  that 
it  is  clear  that  the  kidney  vessels  do  not  undergo  any  very  marked 
expansion  or  contraction.  At  the  same  time  the  diminution  in  the 
volume  of  the  kidney  is  slight,  when  compared  to  the  great  fall  of 
arterial  tension.  XWs  is  well  seen  by  comparing  Figs.  14  or  15, 
Plate  XXV.  with  Fig.  20,  Plate  XXVI.  Although  the  fall  of  pressure 
following  sciatic  excitation  is  less  than  that  obtained  with  the  depressor, 
yet  the  renal  effect  in  the  latter  instance  was  less  than  in  the  former. 
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In  some  cases  in  the  rabbit,  notwithstanding  that  the  depressor  causes 
a  great  fall  of  arterial  tension,  the  volume  of  the  kidney  remains 
unchanged,  and  in  a  few  cases  the  kidney  has  even  undergone  a  slight 
expansion.  Wc  must  concludo  that  in  both  those  instances  the  kidney 
vessels  must  have  expanded  somewhat,  so  as  to  neutralize  the  effects  of 
the  great  fall  of  pressure  on  the  kidney.  It  is  dear  that  the  kidney 
vessels  cannot  be  altogether  passive,  because  if  they  were  the  great  fall 
of  blood-pressure  would  cause  a  passive  shrinking  of  the  kidney.  Hence 
we  must  conclude  that  when  this  nerve  is  excited  the  renal  vessels 
really  dilate  somewhat,  but  that  owing  to  groat  dilatation  produced  at 
the  same  time  elsewhere  this  renal  dilatation  is  unable  to  manifest 
itself  by  any  increase  in  the  volume  of  the  kidney.  Hence  a  passive 
shrinking  of  the  kidney  of  variable  amount  is  produced,  owing  to  the 
accumulation  of  blood  in  the  vessels  of  other  areas,  and  probably  more 
csiiocially  in  the  intestinal  vessels.  Thus  the  volume  of  the  kidney  is 
really  but  little  affected,  comparatively  speaking,  by  the  reilex  effects 
proiluced  on  excitation  of  the  depressor.  This  result  is  not  to  be  taken 
as  showing  that  the  renal  vessels  are  not  actively  affected  by  the 
excitation,  but  rather  as  showing  that  the  active  dilatation  of  the  renal 
vessels  is  more  or  less  neutralized  by  the  dilatation  occurring  elsewhere. 
That  this  is  so  is  shown,  as  we  saw  before,  by  the  smallness  of  the 
p.'ussive  shrinking.  In  some  c:ufes  this  passive  shrinking  of  the  kidney 
is  somewhat  greater,  and  this  is  readily  explained  by  assuming  that  the 
dilatation  of  the  intestinal  vessels  is  relatively  greater  than  that  of  the 
renal  vessels,  and  hence  the  great  passive  shrinking  of  the  kidney. 
Thus  we  must  conclude  that  although  some  dilatation  of  the  renal 
vessels  occurs,  the  actual  effect  produced  on  the  volume  of  the  kidney 
depends  entirely  on  the  relation  this  renal  dilatation  bears  to  the 
dilatation  elsewhere. 

(E.)    Results  following  excitation  oftiie  central  ends  of  the  posterior  roots. 

We  now  turn  to  the  consideration  of  the  reBex  results  following 
excitation  of  the  central  end  of  a  divided  posterior  root.  As  might  be 
exi>ected  the  rasults  of  this  reflex  excitation  are  not  by  any  means  so 
constant  as  the  effects  following  the  stimulation  of  the  peripheral  ends 
of  the  same  nerves.  The  severity  of  the  operation,  the  exposure  of  the 
cord,  the  haemorrhage,  the  shock  and  anossthetic,  all  these  must  influence 
the  delicate  mechanism  of  the  reflexes  far  more  than  they  do  the 
peripheral  effects.     Hence  it  is  not  surprising  to  find  some  considerable 
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variations  in  the  phenomena.  As  regards  the  effects  of  this  excitation 
oh  the  general  blood  pressure  there  is  not  much  variety  in  the  results 
obtained.  In  by  far  the  greater  number  of  instances  the  excitation  of 
tlie  central  end  of  a  posterior  root  is  followed  by  a  great  rise  of  general 
blood-pressure.  Tlie  latent  period  is  a  short  one,  and  the  rise  is  one  of 
great  suddenness,  the  maximum  rise  being  soon  reached.  In  this  respect 
the  rise  is  u  very  different  one  to  that  observed  on  excitation  of  the 
peripheral  end  of  the  same  nerve  for  instance.  The  gradual  rise  produced 
by  the  latter  mode  of  excitation  contrasts  greatly  with  the  extremely 
sudden  character  of  the  reflex  rise.  Sometimes  the  rise  of  blood-pressure 
is  so  sudden  that  no  respiratory  undulations  are  marked  on  the  rising 
curve,  the  tracing  being  ahnost  a  verticnal  line.  It  is,  liowever,  on  tlic 
whole  exceptional  for  the  rise  to  be  so  sudden  as  this.  This  gieat  and 
rapid  rise  only  lasts  for  a  few  seconds,  but  genemlly  the  blood-pressure 
does  not  return  completely  to  its  previous  level.  That  is  to  say,  it 
remains  at  a  slightly  higher  level  to  that  it  occupied  before  the  excitation. 
This  after-effect  is  of  a  permanent  nature,  so  that  if  the  blood-pressure 
is  low  at  the  beginning  of  an  experiment  it  is  quite  possible  to  get  it 
materially  and  permanently  niised  by  a  few  cxcitiitions  of  the  central 
ends  of  posterior  roots,  or  by  applying  the  electrodes  to  the  posterior 
surface  of  the  cord.  Hence  the  reflex  excitation  causes  not  only  a  sudden 
and  great  contraction  of  the  vessels,  but  also  braces  them  up  more  or 
less  permanently  by  the  production  of  a  more  or  less  permanent  tonic 
contraction.  There  is  no  very  material  difference  to  be  observed,  with 
regard  to  the  eflects  produced  on  the  general  blood-pressure,  whether 
the  upper  or  the  lower  dorsal  nerves  are  the  ones  whose  posterior  roots  are 
excited.  A  rise  of  pressure  is  observed  on  excitation  with  all  the  nerves, 
and  although  the  rise  may  be  greater  when  the  lower  nerves  are  excited, 
yet  there  is  not  the  marked  difference  between  the  upper  and  the  lower 
nerves  that  was  described  above  sua  occurring  on  excitation  of  the 
peripheral  ends  of  these  nerves.  In  some  very  exceptional  cases,  as  will 
be  mentioned  more  fully  below,  a  fall  of  blof)d-pressure  is  observed 
instead  of  a  rise,  but  this  is  very  uncommon,  and  in  fact  during  the 
course  of  a  large  series  of  observations  this  fall  has  only  been  observed  in 
one  animal. 

When  we  turn  to  consider  the  effect  of  these  excitations  on  the 
kidney  we  find  that  there  is  some  want  of  uniformity  ill  the  results. 
In  a  large  proportion  of  cases  excitation  of  the  central  end  of  a  divided 
posterior  root  is  followed  by  great  expansion  of  the  kidney.  This, 
although  the  common  result,  is  by  no  means  the  uniform  result    Thus 
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ia  some  cases  the  kidney  undergoes  great  contraction,  and  in  others  the 
results  arc  mixed,  first  a  contraction,  then  a  dilatation.  Even  however 
where  a  marked  contraction  is  produced  this  is  usually  of  quite  temporary 
duration,  and  it  is  quickly  followed  by  expansion  sifter  the  cessation  of 
the  stimulus.  In  other  instances  the  expansion  occurs  after  a  very  brief 
contraction,  and  therefore  long  before  the  cessation  of  the  excitation, 
so  that  the  kidney  result  is  truly  a  mixed  one.  The  expansion  of  the 
kidney  is  considerable  in  amount,  but  is  usually  not  of  a  very  persistent 
nature.  Not  only  is  there  some  variability  in  its  occurrence  in  different 
animals,  being  present  in  the  one  and  not  in  the  other,  but  there  are  some 
differences  with  different  nerves  in  one  and  the  same  animal.  Thus  in 
one  case,  although  excitation  of  the  central  ends  of  both  the  12th  and 
13th  dorsal  nerves  gave  marked  rises  of  general  blood-pressure,  the 
former  produced  expansion  of  the  kidney,  the  latter  an  equal  contraction. 
In  both  ciuios  the  effects  were  very  marked.  Similarly  it  is  not  at  all 
uncommon  for  the  lowermost  nerves,  such  as  the  3rd  and  4th  lumbar,  to 
cause  contraction  of  the  kidney,  whereas  the  middle  series,  from  the  8th 
to  the  13th,  cause  expansion.  This  expansion,  however,  with  the  upper- 
most of  these  nerves  is  generally  preceded  by  a  slight  contraction. 
Again,  the  uppermost  dorsal  nerves  most  commonly  produce  contraction. 
Hence  we  see  that  there  are  considerable  variations  in  the  results 
obUvincd  with  different  nerves  in  the  s.ame  animal.  Finally,  the  same 
nerve  can  give  not  only  in  different  animals  different  results,  now  expan- 
sion, now  contraction,  but  these  differences  can  also  be  obtained  in  the 
same  animal  and  with  the  same  stimulus.  No  doubt,  as  mentioned  before, 
these  differences  depend  quite  as  much  on  the  condition  of  the  vaso- 
motor centre  in  the  medulla  at  the  moment  of  excitation  as  on  any 
differences  of  fibres,  &c  in  the  particular  nerve  excited.  But  the 
fundamental  fact  remains,  that  this  is  the  only  form  of  reflex  excitation 
that  causes  expansion  of  the  kidney,  the  sciatic,  intercostal  and  vagus 
cause  contraction,  and  the  depressor,  although  causing  expansion,  has  its 
renal  effects  neutralised  and  only  a  passive  contraction  of  the  kidney  is 
produced.  It  is  obvious  that  the  expansion  occurring  on  excitation  of 
the  central  end  of  a  posterior  root  is  a  local  effect,  and  that  there  is  a 
general  effect  in  the  opposite  direction,  ie.  constriction.  This  must  be 
so  to  account  for  the  rise  of  general  blood-pressure  that  accompanies  this 
renal  expansion. 

When  expansion  of  the  kidney  and  rise  of  blood-pressure  are 
produced  by  this  mode  of  excitation,  it  is  found  that  there  is  always 
very  copious  haemorrhage  from  the  wound,  necessary  for  the  exposure  of 
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the  sptnal  cord.  Now  this  hsmoirfaage  ia  fireqaently  so  proftise  that  the 
laige  wound  fills  almost  at  onoe  with  blood,  although  previously  to  the 
excitation  it  may  have  been  perfectly  dry.  No  doubt  this  haemorrhage 
is  largely  due  to  the  rise  of  blood-pressure,  but  that  this  is  not  its  sole 
cause  is  seen  from  the  £ict  that  equal  rises  of  pressure  produced  in  other 
ways  do  not  cause  anything  like  such  copious  bleeding.  Thus  in  many 
cases  the  central  end  of  the  sciatic  will  cause  a  rise  of  blood-pressure 
quite  equal  in  amount  to  that  obtained  by  excitation  of  the  central  end 
of  a  posterior  root,  but  at  the  most  there  is  only  some  oozing  from  the 
wounded  vessels,  never  that  sudden  filling  of  the  cavity  with  blood. 
I  think  we  must  conclude  that  although  the  rise  in  general  blood-pressure 
docs  contribute  to  some  extent  to  its  causation,  this  haemorrhage  is 
largely  due  to  an  active  dilatation  of  the  vessels  of  the  abdominal  wall, 
similar  to  that  occurring  in  the  kidney.  In  other  words,  the  stimulation 
of  the  afferent  fibres  in  the  given  posterior  root  causes  a  local  vascular 
dilatation  not  confined  to  the  viscus  from  which  it  is  conveying  afferent 
fibres,  but  also  in  the  area  of  the  body  wall  supplied  by  it  No  doubt 
this  view  may  meet  with  some  opposition,  but  it  is  difficult  to  believe 
that  this  copious  haemorrhage  is  duo  to  anything  but  a  local  dilatation 
plus  a  general  rise.  Further,  it  is  not  observed  unless  the  kidney 
undergoes  dilatation,  Le.  it  does  not  occur  with  the  same  nerve  and  the 
same  stimulus  if  a  renal  contraction  is  produced  instead  of  a  renal 
expansion. 

Not  only  then  does  the  central  end  of  a  posterior  root  tend  to 
produce  a  local  dilatation  of  the  kidney,  but,  as  hinted  above,  this  effect 
is  most  often  seen  with  the  lower  dorsal  nerves,  Le.  with  those  nerves 
that  have  previously  been  shown  to  contain  most  of  the  efferent  fibres 
distributed  to  the  kidney  vessela  Since,  however,  all  the  dorsal  nerves 
from  the  2nd  downwards  contain  some  fibres  distributed  to  the  kidney, 
this  reflex  dilatation  may  be  seen  in  excitation  of  the  central  end  of  any 
posterior  root  in  this  series.  It  must  be  noted,  however,  that  this 
expansion  is  not  seen  with  the  posterior  roots  of  the  lumbar  nerves,  even 
when  the  dorsal  nerves  of  the  same  animal  yield  it  on  excitation. 

All  these  points  show  that  the  effect  is  a  local  one;  and  in  this 
respect  the  renal  dilatation  resembles  the  dilatation  seen  in  the  case 
pf  the  ear,  the  skin  of  the  leg  and  the  vessels  of  the  stomach,  when  the 
posterior  auricular,  the  saphenous  and  .the  central  end  of  the  vagus 
respectively  is  excited. 

In  connection  with  the  local  nature  of  the  dilatation  it  is  to  be 
teioembered  that  the  central  end  of  an .  intercostal  nerve  causes  on 
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excitation  a  contraction  of  the  kidney,  whereas  the  ceutral  end  of  the 
IH>Btcrior  produccA  the  dilatation.  In  both  cases  there  is  a  rise  of  blood- 
pressure,  although  in  the  former  case  it  is  less  in  amount  than  in  the 
latter  case.  Ileuco  wo  iiuist  conclude  that  the  expansion  is  duo  to  tho 
excitation  of  the  afferent  fibres  coming  from  the  viscera,  as  clearly  the 
anatomical  difference  between  the  central  end  of  an  intercostal,  and  th^ 
central  end  of  a  posterior  root,  is  that  the  latter  contains  not  only  the 
afferent  fibres  of  the  former,  but  also  those  of  the  viscera  in  addition. 
In  one  case,  as  previously  noted,  the  excitation  of  the  central  end  of  a 
posterior  root  caused  a  great  fall  of  blood-pressure,  accompanied  by  a 
passive  shriukiug  of  the  volume  of  the  kidney,  as  is  well  seen  in  Fig.  19, 
Plate  XXVI.  The  fall  of  general  blood-pressure  was  in  this  case  very 
great,  and  hence  the  shrinking  of  the  kidney  was  also  considerable.  It 
will  be  seen  by  reference  to  Fig.  19  that  the  latent  period  of  this  effect 
is  a  long  one,  and  in  some  cases  this  latent  period  was  so  long  that  the 
depressor  effect  was  preceded  by  one  of  an  opposite  kind.  That  is  to 
say,  a  rise  of  blood-pressure  accompanied  by  an  active  renal  contraction, 
in  other  instances,  however,  this  depressor  effect  was  not  preceded  by 
any  such  active  effect.  In  these  respects  these  reflex  depressor  effects 
resemble  the  dilator  effects  produced  by  slow  excitation  of  the  periphe- 
ral end  of  the  divided  splanchnic  or  of  some  of  the  lower  dorsal  nerves. 
Another  |)4>int  of  resemblance  is,  that  in  both  caHOs  the  effects  hvq 
sometimes  seen  to  follow,  the  shutting  off  of  the  exciting  current. 

]>cpressor  effects,  as  mentioned  above,  are  also  sometimes  seen  on 
excitation  of  the  central  end  of  an  intercostal  nerva 

These  depressor  effects  obtained  with  either  the  central  end  of  an 
intercostal  nerve  or  of  a  posterior  root  are  of  interest,  as  serving  to  show 
how  greatly  the  general  blood-pressure  can  be  lowered  reflexly  by  the 
excitation  of  only  one  nerve.  What  the  conditions  are  which  lead  to 
the  Klimulus  ciuising  such  a  profound  depressor  effect  instcail  of  tho 
usual  one  are  unknown ;  no  doubt  it  is  some  central  difference.  This 
is  confirmed  by  the  great  length  of  the  latent  period  in  many  cases. 
Still  the  important  fact  remains,  that  occasionally  these  depressor  effects 
are  observed,  and  that  they  are,  or  may  be,  greater  in  amount  than 
when  the  depressor  nerve  is  the  one  excited.  These  facts  may  perhaps 
serve  to  explain  to  some  extent  the  profound  shock  caused  sometimes 
by  ubdonunal  and  other  injuries,  if  we  believe  shock  to  bo  due  to  a 
reflex  dilatation  of  the  abdominal  vessels. 

It  is  unnecessary  to  explain  further  why  when  these  depressor 
effects  are  observed  the  kidney  shrinks.     This  is  of  course  due  to  the 
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dilatation  occurring  in  a  large  area,  and  the  kidney  is  affected  seconda- 
rily. Finally,  although  no  doubt  the  dilatation  of  any  large  vascular  area 
would  affect  the  kidney  secondarily,  yet  it  is  probable  that  such 
dilatation  in  the  vessels  of  the  abdominal  area  would  affect  it  most 
easily.  Having  thus  described  the  reflex  phenomena,  we  will  now  sum 
up  shortly  the  various  results  obtained. 


VI.    Conclusions. 

It  will  not  be  necessary  to  give  here  more  than  a  bare  summary 
since  all  the  results  have  been  discussed  when  described. 

(a)  All  renal  vaso-motor  fibres  leave  the  spinal  cord,  though 
anterior  roots  and  although  a  few  fibres  may  come  out  as  high  as  the 
4th  dorsal,  it  is  not  until  the  6th  dorsal  is  reached  that  they  are  found 
in  any  abundance.  From  the  6th  dorsal  to  the  13th  dorsal  tbey  are 
abundant,  below  this  they  are  found  in  rapidly  diminishing  numbers,  so 
that  but  little  vaso-motorial  effect  is  seen  to  follow  the  excitation  of  the 
3rd  and  4th  lumbar  nerves. 

(fi)  These  renal  vaso-motor  fibres  arc  of  two  kinds,  vaso-coustrictor 
and  vaso-dilator.  The  former  are,  however,  by  far  the  best  developed,  so 
that  unless  special  methods  are  used  it  is  rare  to  get  clear  evidence  of 
vaso-dilatation  on  excitation  of  any  given  nerve. 

(7)  The  kidney  vessels  receive  their  nerves  from  all  the  spinal 
nerves  included  in  this  extensive  series,  but  most  of  the  renal  vaso- 
motor fibres  are  found  in  the  11th,  12th  and  13th  dorsal  nerves. 

(S)  No  evidence  has  been  obtained  by  me  of  the  existence  of  any 
vaso-constrictor  fibres  for  the  kidney  vessels  in  the  vagus  nerved 

(e)  By  reflex  excitation  it  is  more  common  to  get  contraction  than 
expansion  of  the  kidney,  but  expansion  is  frequently  obtained  by 
excitation  of  the  central  end  of  a  posterior  root  of  a  nerve  belonging  to 
what  may  be  called  the  renal  area,  i.e.  the  11th,  12th,  or  13th.  It  is, 
however,  not  uncommon  with  the  higher  posterior  roots. 

On  the  other  hand,  excitation  of  the  central  end  of  an  intercostal 
nerve  produces  contraction  of  the  kidney,  hence  the  expansion  observed 
with  the  central  end  of  a  posterior  root  is  apparently  due  to  the 
stimulation  of  afferent  visceral  nerve  fibres. 

Occasionally  reflex  excitation  produces  a  general  dilatation,  and 

^  I  hope  to  enter  into  this  question  more  fully  in  a  subsequent  oommnnication  on  the 
secretion  of  the  kidney. 
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theu  the  kidney  (although  its  vessels  share  iu  the  dilatation)  undergoes 
passive  shrinking.  Finally,  there  is  no  evidence  to  show  that  any 
decussation  of  the  vaso-uiotor  fibres  in  the  splanchnic  occurs,  i.e.  the  right 
splanchnic  nerve  does  not  apparently  supply  the  left  kidney,  but  only  the 
right 


The  expenses  of  this  research  were  partly  defrayed  by  a  grant  obtained 
from  the  Royal  Society. 

London,  April,  1889. 


EXPLANATION  OF  FIGS.  1—20.    PLATES  XXIIL— XXVL 

All  the  curves  are  to  be  read  from  left  to  right  All  the  blood-pressura 
curves  were  taken  with  a  mercurial  manometer  connected  with  the  carotid 
artery.  The  animals  were  curarizcd  and  the  amesthetics  were  either  chloro- 
form and  mor])hia  or  chloroform  alone.  The  tracings  were  all  obtained  from 
dogs  unless  otherwise  specified. 

The  following  abbreviations  are  used.  B.-P.  =  blood-pressure.  K  =  kidney 
curve.  H  =  Helmholtz  side  wire  to  Du  Bois  coil.  D  =  Daniell  cells. 
P.R.  =  posterior  root 

Fig.  1.  Dog.  Tiujo  tracing  marks  seconds.  Oncograph.  7th  dorsal 
nei-ve  excited  outside  dum  mater  after  division  of  posterior  root  Coil  4  H. 
1  D.  i.e.  secondary  coil  4  centimetera  from  primary.  Helmholtz  side  wire 
and  1  Daniell  cell.  This  tracing  shows  rise  of  B.-P.  and  contraction  of 
kidney,  and  after  the  cessation  of  the  excitation  the  kidney  curve  shows  some 
rhythmical  contractions  of  the  renal  vessels. 

Fig.  2.  Same  dog  and  same  nerve  as  in  Fig.  1  and  same  strength  of 
ptiinulua  The  renal  vessels  liavc  become  rigid  during  the  excitation,  but 
there  is  practically  no  diminution  in  the  kidney  volume  although  the  rise  of 
blood-pi-essure  is  considerable. 

Fig.  3.  Same  dog  and  details  as  in  Figs.  1  and  2,  but  in  this  case  the 
kidney  trace  shows  the  rigidity  of  the  vessels  and  a  diminution  in  the  volume 
of  the  kidney. 

I'^ig.  4.  Dog.  Oncograph.  8th  doiijal  nerve  (iwstcrior  root  dividcil) 
excited  outside  dura  mater.  Slight  expansion  of  kidney,  no  obvious  rise  of 
B.-P. 

Fig.  5.  Same  dog  as  in  Fig.  4.  10th  dorsal  nci've  (posterior  root  divided) 
excited  outside  dura.  Great  contraction  of  kidney  after  a  slight  initial 
expansion  and  a  pcraistcuit  aftcr-efTect.     Marked  rise  of  B.-P. 
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Fig.  6.  Same  dog  as  in  Figs.  4  and  5.  9t]i  dorsal  nerve  (posterior  root 
divided)  excited  outside  dura  mater.  The  renal  contraction  is  not  so  marked 
as  that  seen  in  Fig.  5  with  the  10th  nerve,  but  it  is  followed  by  a  '^  secondary 
shrinking"  of  tlie  kidney  accompanied  by  a  very  slight  fall  of  B.-P. 

Fig.  7.  Dog.  Oncogmph.  10th  doi'sal  nerve  prepared  and  excited  aa 
in  Fig.  5.  The  trace  shows  the  rhythmical  contractions  of  the  renal  vessels 
after  the  cessation  of  the  excitation. 

Fig.  8.  Dog.  Oncometer  and  piston  recorder.  1 2  th  doi'sal  nerve,  pos- 
terior root  cm  and  nerve  excited  outside  dura  mater.  This  tracing  shows  the 
three  results  that  can  be  obtained  on  nerve  excitation.  Firatly,  a  contraction 
of  the  renal  vessels  with  a  iise  of  B.-P.  Secondly,  a  persistent  contraction  of 
the  kidney  with  the  B.-P.  still  above  the  normal.  Thiixlly,  a  "secondaiy 
shrinking  "  of  the  kidney  accompanied  by  a  slight  fall  of  B.-P. 

Time  trace  marks  2  second  intervals. 

Fig.  9.  Dog.  Oncometer  and  piston  recorder.  13th  dorsal  nerve  cut  and 
ligatured.  B.-P.  shows  Traube  cui*ves.  Time  trace  mai-ks  2  second  intervals 
coil  6  1  D.  Slow  rhythmical  shocks,  Le.  1  per  second  gives  expansion  of 
kidney  and  a  very  slight  rise  of  B.-P.  which  is  however  only  a  better  marked 
Traube  curve  than  usual.  Quick  rates,  Le.  50  per  second,  give  contraction  of 
kidney  and  a  great  rise  of  B.-P. 

Fig.  10.  Same  dog  and  same  details  aa  in  Fig.  9.  Benal  expansion  with 
slow  rates  still  more  marked  and  unaccompanied  by  any  marked  rise  of  B.-P. 

Fig.  11.  Dog.  Oncometer  and  piston  recorder.  Expansion  of  kidney 
and  increased  visibility  of  cardiac  pulsations  on  kidney  trace  during  slow 
excitation  of  13th  dorsal  nerve  outside  dura,  after  division  of  posterior  root. 
Contraction  of  kidney  witli  quick  rates. 

Fig.  12.  Dog.  Oncometer  and  piston  recorder.  Time  trace  marks 
2  second  intervaln.  Bight  splanchnic  cut  and  ligatured  |>criphenil  end 
excited  with  slow  shocks,  i.e.  50  ])er  minute.  Slight  fall  of  B.-P.  and 
shrinking  of  the  kidney  after  cessation  of  excitation*  The  same  result  is 
obtained  during  the  excitation  if  this  is  of  longer  duration. 

Fig.  13.  Dog.  Oncometer  and  piston  recorder.  Splanclinic  nerve  excited 
with  slow  rhythmical  shocks,  i.e.  50  per  minute.  Fall  of  B.-P.  and  shrinking 
of  kidney. 

Fig.  14.  Rabbit.  Oncometer  and  oncogmph.  Excitation  of  central  end 
of  depressor  nerve.  Qreat  fall  of  B.-P.  with  comparatively  slight  effect  on 
the  kidney. 

Fig.  15.  Cat  Oncometer  and  oncograph.  Excitation  of  central  end  of 
left  vagus,  right  vagus  having  been  previously  divided. 

Fig.  16.  Dog.  Oncometer  and  oncograph.  Excitation  of  the  cent  1*01  end 
of  the  posterior  root  of  tlie  12th  dorsal  nerve.  Expansion  of  kidney  and  ri»o 
of  B..P. 
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Fig.  17.  Dog.  Oncometer  and  oncograph.  Excitation  of  tho  centmi 
end  of  the  poeterior  root  of  the  9th  dorsal  nerve.  Expansion  of  kidney  and 
rise  of  B.-P. 

Fig.  18.  Dog.  Oncometer  and  oncograph.  Excitation  of  central  end  of 
the  posterior  root  of  the  11th  dorsal  nerve.  Mixed  effect  on  kidney  with  rise 
of  B.-P. 

Fig.  19.  Dog.  Oncometer  and  oncograph.  Excitation  of  the  central 
end,  the  10th  dorsal  posterior  root.     Fall  of  B.-P.  and  shrinking  of  kidney. 

Fig.  20.  Gat.  Oncometer  and  oncograph.  Vagi  divided.  Excitation 
of  contml  cud  of  divided  sciatic.  Fall  of  B.-P.  aflor  a  long  latent  period  and 
accoui[Miuied  by  a  considerable  contraction  of  tlie  kidney. 


ON  THE  STRUCTURE  OF  THE  VERTEBRATE  LIVERS 
By  THOMAS  W.  SHORE,  M.D.,  B.Sc.  and  H.  LEWIS 
JONES,  M.A.,  M.D.    Plates  XXVIL— XXIX. 

{From  the  Physiological  Laboratory  of  St  Bartholomew's  Hospital.) 

A.      PUKUMINAHV. 

This  paper  is  put  forward  as  a  contribution  to  the  knowledge  of  tbe 
structure  of  the  mammalian  liver,  the  subject  being  approached  from  the 
side  of  Comparative  Anatomy.  We  have  attempted,  by  examining  a 
series  of  forms,  to  trace  the  steps  between  the  undoubtedly  tubular  liver 
of  the  lower  vertebrates  and  the  apparently  parenchymatous  arrange- 
ment which  constitutes  the  proper  tissue  of  the  lobule  of  the  liver 
of  the  mammal.  The  stnicturo  of  the  liver  in  the  lower  vcrtobrata  was 
the  subject  of  a  valuable  paper  by  Eberth*  in  1867,  and  since  that  time 
the  liver  in  many  vertebrated  animals  has  been  histologically  examined 
by  different  observers,  and  its  structure  briefly  described  by  them  in 
various  scientific  journals.  As  however,  there  are  several  points  which 
are  still  obscure,  we  think  that  a  careful  description,  with  drawings,  of 
the  minute  structure  of  the  liver  in  a  number  of  widely  separated 
vertebrated  types  may  prove  to  bo  of  sci*vicc. 

The  literature  on  the  subject  shows,  as  might  have  been  expected, 
that  the  problem  of  explaining  the  appearances  seen  in  sections  of  the 
mammalian  liver  on  the  hypothesis  that  it  is  a  mmlified  tubular  gland, 
has  been  several  times  taken  in  hand  by  histologists,  but  no  satisfactory 
rasults  have,  so  far  as  we  can  learn,  as  yet  been  arrived  at  Lionel 
Beale",  in  describing  his  investigations  into  the  structure  of  the  liver  in 
various  vertebrata  continually  makes  use  of  the  phrase,  ''  the  tubes  of 
the  liver,''  and  expresses  his  conviction  that  the  liver  is  a  tubular  gland. 
We  find  in  his  paper  the  following  important  passage ; — ''The  tubes  (of 

^  Towards  the  ozpenses  of  this  research,  a  grant  was  made  by  the  Britisli  Medical 
Association,  on  the  recommendation  of  the  Scientific  Grants  Committee  of  the  Association. 

•  Eberth,  Arch./,  mik,  Anat,,  1867. 

*  Lionel  Boale,  **  On  somo  points  in  the  stmctnre  of  the  Liver,'*  PMl.  Tram,  18CG. 
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the  liver  5C.)  in  birds  contain  two  or  thrco  rows  of  cells  and  iu  the 
embryo  mammal  there  are  frequently  two  or  three  rows The  simi- 
larity of  the  arrangement  of  the  cells  in  the  tubular  network  of  tho 
embryos  of  the  higher  animals  with  that  existing  in  the  <idult  as  well  as 
in  the  embryo  of  the  lower  animals  is  a  point  of  interest."  Beale  also 
considers  the  question  of  whether  a  basement  membrane  around  the 
secreting  cells  is  present  or  absent  in  the  liver,  a  point  which  we  hope 
to  show  to  be  one  of  considerable  importance.  After  quoting  the  names 
of  Krukenbiirg,  Van  der  Kolk,  lletzius,  Theilo  and  others  in 
Kupi)ort  of  Iho  opinion  tliat  a  basement  membrane  does  exist,  and  tho 
names  of  Handfield  Jones  and  Kolliker  in  support  of  the  opposite 
view,  he  proceeds  to  say  that  there  is  a  basement  membrane  surrounding 
the  rows  of  cells  which  constitute  the  tubules  of  the  liver.  Heiden- 
hain^  however  after  specially  directing  his  attention  to  this  point  failed 
to  find  any  basement  membrane,  and  Klein'  says  that  **  the  membrana 
propria  of  the  bile  ducts  is  not  continued  into  the  lobule  on  tho  surface 
of  the  liver  cells  as  is  maintained  by  Beale,  Pfluger  and  othei*s.*' 
Hering'  in  his  account  of  the  structure  of  the  liver  quotes  von 
Biesiadecki  to  the  effect  that  the  human  liver  is  a  tubular  gland 
like  that  of  the  snake  with  a  lumen  surrounded  by  five  rows  of  cells, 
but  he  adds ; — **  I  have  not  seen  anything  of  this  kind  even  in  the 
liver  of  the  new-born  child,  which  as  contrasted  with  that  of  adults 
does  exhibit  some  similarity  in  structure  to  that  of  amphibia,  as 
for  example  the  frog,  inasmuch  as  it  frequently  presents  three  or 
four  cells  enclosed  iu  the  rounded  meshes  of  a  capillary  plexus  whilst 
they  themselves  again  form  the  parietes  of  a  minute  biliary  canal." 
Hering  also  figures  the  liver  of  a  snake  to  show  that  it  consists  of 
a  system  of  anastomosing  gland  tubules  interlaced  with  anastomosing 
capillary  blood-vessels,  and  he  discusses  at  length  the  possibility  of  two 
sucli  ansistomosiug  networks  coexisting  iu  one  organ,  lleidenhain* 
copies  this  figure  and  gives  several  diagrams  or  schemes  of  the 
mammalian  liver  arranged  as  a  network  of  densely  packed  anastomosing 
tubules.  He  lays  down  the  law  that  every  liver  cell  has  a  blood 
channel  on  one  side  and  a  bile  channel  on  the  other,  the  bile  channels 
never  being  in  direct  contact  with  a  blood  capillary,  but  always  having 

^  Iloidcnhnin,  in  Ilorinann^s  Ilandlmeh  der  Phy^iolofjie^  1883. 
»  Kloiii  and  Noblo  8niiih,  AiU^  of  llulologyy  p.  230. 

■  Uering,   Art.  on  the  Liver.     Strieker's  Manual  of  Histology,   1807.    English 
translation. 
*  loe,  eil, 

PH.  X.  20 
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a  liver  cell  lying  between  them.     He  further  says ; — "  The  bile  channels 
generally  run  between  the  flat  sides  of  contiguous  cells,  less  often  along 
the  angles  whore  three  or  four  cells  meet,  but  only  if  no  blood  capillary 
occupy  that  angle."    Ho  adds  that   Hering  at   first  believed   from 
examining  the   liver  of  rabbits  only,  that  the   position   of  the  bile 
channel  on  the  flat  surfaces  of  the  cells  was  its  sole  one ;  but  later  he 
found  that  in  dogs  and  in  man  it  is  also  situated  at  the  angle,  and  lie 
quotes  Peszke^  who  states  that  this  latter  position  of  the  bile  channel  is 
as  frequently  found  as  the  other.     Heidenhain  quotes  Eberth*  in 
support  of  his  statement  that  the  liver  of  the  bird  is  comparable  to  that 
of  the  reptile.     Eberth's  paper  is    illustrated  by  drawings  of   the 
microscopic  appearances  of  the  liver  in  Cyprinxis,  Tipton,  OcUlus,  and 
ono  or  two  other  types.     His  drawing  of  the  liver  of  Ci/prinus  shows  it 
to  bear  a  very  close  resemblance  to  that  of  Murcena  which  we  describe 
and  figure  in  this  paper.     His  figure  of  the  liver  of  Gallas   though 
somewhat  diagrammatic  seems  to  afibrd  a  good  idea  of  its  structure ; 
and   it  is  evident  from  his  drawings  of  the  liver  of  Triton  that^  in 
interpreting  its  stiiicture  ho  has  experienced  the  same  difliculty  as  has 
been  felt  by  oiirsolvos  and  othoiu     Kherth  also  doscribos  and  dclinoatcs 
the  layers  of  cells  to  which  wo  shall  allude  in  our  descriptiou  of  the 
liver  of  Coecilia  under  the  name  of  a  "  pseudo-capsule/'  and  he  mentions 
the  interesting  fact  that  these  cells  possess  the  power  of  amoeboid 
movement  during  the  life  of  the  animal 

Barfurth'  has  described  and  figured  the  liver  of  Gasteropods  as 
made  up  of  a  scries  of  branched  ducts  terminating  in  coecal  enlargements, 
lined  by  large  cells.  This  however  is  foreign  to  our  subject,  for  though 
we  can  confirm  his  account  of  the  liver  of  Helix  paniatui,  wo  have  not 
yet  attempted  to  trace  any  structural  connexion  between  the  so-called 
''  liver  "  of  invertebrates  and  that  of  vertebrata. 

In  the  course  of  our  investigations  we  have  made  as  complete 
an  examination  as  possible  into  the  structure  of  the  liver  of  the  following 
vertcbrated  animals ; — 

Pisces — Lamprey  (Petramyzon),  Dogfish  (Scyllium),  Skat^  {Rata), 
Eel  (Miircena),  Flounder  {Pleuronectes). 

Amphibia — Frog  {Rana\  Newt  {Triim\  Coecilian  {Gcscilia). 

Reptilia— Snake  (Pelias),  Tortoise  (Testttdo). 

1  Poszko,  '*Bcitr.  znr  konntniss  dor  foin.  Baa.  d.  Wirbelthiorlobor,"  Dim.  Dorpat, 
1874. 

*  Eberth,  Arch.f,  mik,  AmL  xxxix.  18C7,  s.  70. 

*  Barfurth,  Arch,f.  mih,  Amt.  1883,  p.  473. 
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Avts— Pigeon  (Columba),  Fowl  (OcUlus). 

Mammalia — Rat  and  Mouse  {Mus),  Mole  (Talj>a),  Pig  (Sua),  Cat 
(Felts),  Dog  (Canui). 

We  have  made  use  both  of  mature  individuals  and  also  in  some  cases 
of  embryos. 

The  method  generally  followed  in  the  preparation  of  the  specimens 
has  been  after  hardening,  to  stain  en  masse  in  cochineal,  and  to  imbed 
in  paraflSn,  afterwards  cutting  with  a  rocking  microtome.  The  tissues 
have  been  hardened  cither  in  alcohol  of  gradually  increased  strength,  or 
in  Mullcr'a  fluid  or  in  the  chromic  acid  and  spirit  nuxture  recom- 
mended by  Klein,  the  best  results  perhaps  having  followed  the  first  of 
these  methoda  The  cochineal  stain,  which  lias  proved  very  useful  by 
reason  of  its  good  penetrating  and  selective  powers,  is  prepared  as 
follows ; — ^Take  seven  grammes  of  cochineal  and  seven  grammes  of  alum 
finely  powdered,  and  thoroughly  rub  them  together  in  a  mortar;  add 
seven  hundred  cubic  centimetres  of  distilled  water,  evaporate  down  to 
four  hundred,  filter  twice  and  afterwards  add  four  cubic  centimetres  of 
absolute  alcohol. 

Small  pieces  of  most  of  the  material  have  been  hardened  and 
stained  in  1  p.c.  solution  of  osmic  acid,  and  by  this  means  several 
valuable  specimens  have  been  obtained.  This  reagent  has  the  well- 
known  effect  of  Riaining  the  granules  in  the  liver  colls  and  has  there- 
fore served  to  bring  out  into  clearer  view  the  position  and  course  of  an 
otherwise  indistinct  lumen.  As  the  number  and  situation  of  the 
granules  in  the  liver  cells  is  to  a  certain  extent  dependent  upon  the 
condition  of  starvation  or  otherwise  of  the  animal^,  and  also  to  some 
extent  on  the  stage  of  digestion,  we  wish  it  to  be  understood  that 
this  method  is  only  used  in  a  general  way  and  without  special  regard 
to  these  difTerencCvS.  We  have  also  in  a  few  cases  cut  sections  with 
Williams'  freezing  microtome  and  stained  them  with  logwood.  To 
some  extent  also,  we  have  availed  ourselves  of  the  method  of  injection 
of  the  blood-vessels  and  bile  capillaries. 

B.    Descriptive. 

Wo  now  proceed  to  an  account  of  the  minute  structure  of  the  various 
livci-s  examined,  adoi)ting  the  following  order  of  description  in  each 
cjiso ; — 

*  Langlo}',  "On  dmngcR  in  the  liver  cells  under  various  conditions."    Proc.  Ihnj, 
Soc,  18B2. 

29—2 
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1.  The  cells,  their  size  and  appearance,  and  the  general  arrange- 
ment of  the  intra-cellular  grannies  when  they  seem  to  call  for  special 
remark.  We  have  not  deemed  it  advisable  in  all  cases  to  state  the 
exact  measurements  of  cells,  as  we  find  that  the  semidiamctcr  of  the 
tubule  aflbnls  the  best  means  of  comparing  the  relative  size  of  the  liver 
cells  in  different  animals,  the  lumen  being  in  most  cases  of  inappreciable 
diameter  under  ordinary  powera  of  the  microscope. 

2.  The  number  of  rows  of  cells  making  up  the  walls  of  the  tubules. 

3.  The  compactness  or  otherwise  of  the  organ ;  the  arrangement, 
convolutions  and  anastomoses  of  the  tubules,  and  the  situation  of  the 
larger  ducts. 

4.  The  inter-tubular  blood  channels,  and  the  other  blood-vessels. 

5.  Other  points  of  importance  or  interest. 

I.  PisCEa  In  all  the  fishes  which  we  have  examined  the  liver  is  made 
up  of  a  network  of  anastomosing  tubes  with  small  lumina,  and,  with  the 
exception  of  the  lamprey,  the  general  plan  of  structure  is  obviously  the 
same  in  all.  In  Petromyzon,  a  type  of  the  lowest  group  of  vertebrates 
possessing  a  liver  in  the  ordinnry  sense  of  the  word,  there  are  such  wide 
difTercnccs  from  what  is  scon  in  the  remainder  of  the  class  that  wo  shall 
describe  it  separately;  and  though  in  all  probability  it  represents  an 
earlier  step  in  the  evolution  of  the  liver  than  that  of  other  fishes,  yet  we 
shall  describe  it  after  we  have  dealt  with  that  of  the  more  typical 
members  of  the  group.  The  structure  of  the  liver  in  many  fishes  is 
obscured  by  the  presence  of  large  oil  drops  in  the  cells,  but  the  liver  of 
the  eel  is  free  from  this  objection.  We  will  therefore  first  describe  it 
and  aflberwards  briefly  mention  any  points  in  which  that  of  other  fishes 
differs  from  it. 

1.  Mwrcena,  The  cells  of  the  eel's  liver  are  of  medium  size,  and  are 
granular  throughout  with  a  condensation  of  granules  towards  the  lumen, 
which  is  distinct  though  small.  The  number  of  rows  of  cells  forming 
the  wall  of  the  tubule  is  generally  five  or  six,  but  in  some  cases  is  four. 
The  diameter  of  the  tubule  averages  25/a,  but  is  not  (piitc  uniform 
(Plate  XXVII.  Fig.  2).  Tubules  may  iBasily  be  traced  in  the  plane  of 
the  section  for  a  distance  of  from  twelve  to  fifteen  cell  diameters,  particu- 
larly where  they  show  a  roughly  radiating  arrangement  round  a  large 
blood-vessel.  They  branch  and  anastomose  on  an  average  at  distances 
of  about  six  to  eight  cell  diameters  when  seen  as  they  lie  in  the  plane 
of  the  section;  but  the  mcshwork  is  closer  where  the  section  piissos 
transversely  through  it,  an  appearance  which  leads  one  to  infer  that  the 
meshes  of  the  network  are  elongated,  and  have  a  long  diameter  three  or 
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four  times  that  of  their  shorter  one.  The  smallest  ducts,  including  their 
walls,  measure  about  20/a  svcross ;  they  arc  few  in  number  in  any  section, 
and  consist  of  three  or  four  cohimnar  cells  surrounded  by  a  membrane 
made  up  of  a  small  amount  of  connective  tissue.  The  larger  ducts  have 
a  thick  fibrous  coat  and  lie  near  the  larger  blood-vessels.  The  blood 
channels  form  a  network  of  irregular  spaces,  which  are  of  varying 
calibre  and  have  a  delicate  wall  of  endothelial  cells.  No  basement 
membrane  is  to  be  made  out  separate  from  the  wall  of  the  capillary 
blood-vessels.  A  well-marked  radial  arrangement  around  the  larger 
blood-vessels  of  both  the  finer  blood  channels  and  the  anastomosing:  liver 
tubes  is  found  in  some  parts  of  the  section,  and  here  and  there  it  can 
be  seen  that  the  capillary  spaces  run  directly  into  these  central  vessels, 
but  this  is  not  the  case  with  more  than  a  small  minority  of  the  whole 
number,  for  in  some,  and  these  the  largest  central  trunks,  the  radial 
aiTangement  is  plain,  but  no  capillary  can  be  seen  to  enter  the  central 
vessel  The  periphery  of  these  radially  arranged  systems  of  tubules  and 
blood  capillaries  is  quite  indefinite,  and  there  is  no  true  division  of  the 
organ  into  lobules  at  all  comparable  to  those  of  the  liver  of  the 
Mammal ;  and  further  we  are  not  certain  whether  these  central  trunks 
belong  to  the  portal  or  the  hepatic  system  of  veins,  nor  is  the  question 
simplified  by  the  uniform  presence  or  uniform  absence  of  a  bile  duct 
running  with  the  vessel ;  for  the  most  part  however  there  is  no  such 
duct  and  these  vessels  would  therefore  seem  to  be  radicles  of  the  hepatic 
vein.  Here  and  there  in  the  section,  are  found  oval  masses  of  an  orange 
pigment  of  varying  size,  situated  generally  by  the  side  of  a  large  blood- 
vessel, and  having,  so  far  as  can  be  made  out,  no  investing  wall  of 
epithelium.  These  are  probably  masses  of  bile  pigment,  either  extra- 
vasated  or  encysted  along  the  lines  of  the  bile  ducts. 

2.  Phiironecies.  The  liver  in  the  (lounder  and  similar  fishes  is  in 
minute  structure  very  like  that  of  the  eel.  The  Uounder's  liver  is  more 
compact,  and  therefore  its  general  appearance  with  a  low  power  is 
more  like  that  of  a  mammal  than  is  that  of  the  eel,  but  the  radial 
arrangement  is  less  perceptible.  Some  of  its  blood-vessels  have  very 
thick  walls  containing  much  muscle,  whilst  others  of  the  blood-vessels 
have  not  these  thick  walls,  and  as  the  bile  ducts  Ho  near  these  latter 
they  are  probably  branches  of  the  portal  vein. 

3.  Scf/llium.  The  liver  tubules  in  the  dog-fish  are  composed  of  larger 
cells  than  those  of  the  eel.  The  cells  are  very  full  of  oil  drops,  and  the 
disposition  of  their  nuclei  is  irregular,  being  apparently  displaced  by 
these  oil  globules,  which  are  so  numerous  as  to  leave  merely  a  loose 
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network  of  protoplasm  to  form  the  cell.  Each  tubule  measures  from 
50fi  to  70/i  in  diameter,  and  the  anastomoses  are  less  apparent  than  in 
the  liver  of  the  eel.  The  blood  channels  have  well  defined  thick  walls 
of  endothelial  cells  and  they  form  a  network  which  is  more  conspicuous 
in  proportion  as  the  network  of  tubules  is  loss  so.  The  bile  ducts  have 
the  usual  structure  and  run  witli  the  larger  blood-vessels,  around  which 
no  rjidlal  arrangement  of  the  tubes  or  blood  capillaries  is  found. 

4.  Petromyzon.  The  liver  of  the  lamprey  differs  remarkably  fixjm 
that  of  all  other  vertebrate  types  which  we  have  examined.  In  the 
first  place  the  liver  cells  are  very  small,  and  secondly  there  are  no 
tubules  such  as  are  found  in  the  liver  of  other  animals.  Our  first  im- 
pression was,  that  there  were  in  this  liver  largo  lumina  with  culls 
grouped  round  them  though  not  in  a  single  layer ;  but  further  examina- 
tion made  it  clear  that  these  supposed  lumina  are  really  blood  channels 
and  that  between  these  blood  channels  the  liver  cells  are  disposed  in 
solid  anastomosing  cylinders,  the  central  cells  of  which  are  loosely 
arranged,  with  intercellular  spaces  occupying  what  may  be  viewed  as 
the  lumen  of  a  potential  tube.  (Plate  XXVII.  Fig.  1.)  The  relative 
proportion  of  cell-cylinder  to  blood-vessel  is  extremely  largo,  and 
between  any  two  blood-vessels  the  number  of  layers  of  cells  varies  from 
two  to  five  or  six.  The  cells  of  which  the  intervascular  cylinders  are 
composed  naturally  fall  into  two  classes,  distinguished  by  their  form  and 
arrangement; — (a)  those  immediately  adjacent  to  the  blood-vessels, 
which  have  the  form  and  arrangement  of  a  columnar  epithelium  dis- 
posed radially  round  the  blood  channels,  and  each  measuring  5/a  in 
width  and  about  15/i  in  length,  (6)  those  situated  within  the  cell- 
cylinders,  which  are  generally  polyhedral  in  form,  some  few  being 
slightly  elongated  and  each  measuring  about  5/i  in  all  diameters.  The 
latter  are  disposed  in  a  spongy  manner  and  in  hardened  specimens  show 
channels  running  between  them.  In  all  the  cells,  the  nuclei  stain 
lightly,  but  the  nucleoli  are  very  distinct.  The  protoplasm  is  uniformly 
granular.  BuLween  the  surfaces  of  the  cylinders  of  cells  and  the  walls  of 
the  blood-vessels  there  is  no  basement  membrane.  The  liver  of  the 
lamprey  may  be  described  as  a  mass  of  cells  permeated  by  a  network  of 
narrow  capillary  blood  channels  roughly  dividing  the  organ  into  an 
anastomosing  network  of  broad  cylinders.  Around  the  larger  blood- 
vessels the  cell  cylinders  are  disposed  in  a  radiate  manner.  Wo  are 
unable  to  find  any  small  ducts. 


STRUCTURE  OF   VERTEBRATE  LIVER.  415 

II.    Amphibia. 

1.  Rana.  The  cells  of  the  frog's  liver  are  large  and  clear.  They 
have  granules  on  their  inner  borders,  next  the  lumen,  which  feature  is 
hrought  out  very  clearly  by  treatment  with  osmic  acid,  but  is  also  visible 
in  good  logwood-stained  specimens,  one  of  which  is  figured  in  Plate 
XXVII.  Fig.  4.  Langley*  states  that  in  summer  a  hungry  frog  has 
granules  equally  scattered  throughout  the  cells  of  its  liver,  and  that 
during  winter  there  is  a  marked  inner  granular  zone.  We  can  confirm 
this,  and  the  specimen  figured  in  Plato  XXVII.  Fig.  3,  is  from  a  winter 
frog,  which  on  account  of  the  distribution  of  the  granules  is  the  one  best 
suited  for  tnicing  a  lumen.  In  an  osmic  acid  preparation  the  anastomo- 
sing liver  tubules  are  rendered  very  plain  by  the  darker  staining  of  the 
blood  in  the  capillaries,  and  they  have  the  appearance  of  a  lightly 
stained  mjiss  with  the  division  into  cells  not  very  obvious,  but  with  a 
well  marked  inner  zone  of  bhick  granules.  In  a  logwood  or  cochineal- 
siaincd  specinicn  the  number  of  rows  of  cells  is  seen  to  be  usually  live. 
The  tubules  are  more  convoluted  than  those  of  the  eel  and  they  ana- 
stomose with  greater  frequency,  it  being  rarely  possible  to  trace  a 
tubule  in  one  plane  for  a  greater  distance  than  six  cell  diameters.  In 
livers  which  have  not  greatly  shrunk  in  hardening  the  structure  has  a 
very  compact  appearance,  the  blood-vessels  being  uniformly  narrower 
than  the  tubules.  The  average  measurement  of  the  tubule  is  about 
50/i.  No  basement  membrane  surrounding  the  tubules  can  be  seen 
and  there  is  no  sign  of  any  lobular  arrjingement.  Small  bile  ducts 
are  found  running  near  the  larger  blood-vessels  and  have  the  usual 
structure. 

2.  Coecilia\  The  liver  of  a  CcecUian  (Plate  XXVIII.  Fig.  5)  is  a 
good  example  of  a  well-developed  tubular  liver.  In  this  creature,  the  liver 
consiKls  of  a  series  of  foliaccous  lobes,  each  three  or  four  millimetres  across, 
arranged  in  an  imbricated  manner  along  one  side  of  a  main  duct,  which 
sometimes  is  over  two  inches  long.  The  cells  are  clear,  or  very  faintly 
granular,  with  their  nuclei  arranged  peripherally.  There  are  five  rows 
of  cells  lining  the  tubules,  whose  diameter  varies  considerably,  the 
average  size  being  40/^  The  lumen,  though  small,  is  very  distinct,  and 
there  is  no  basement  membrane.  The  tubules  are  arranged  in  elongated 
meshes,  are  much  convoluted,  and  the  anastomoses  arenot  very  abundant. 
The  relative  diameter  of  blood  capillaries  when  compared  with  that  of 
the  tubules  is  greater  than  in  the  case  of  the  frog.     The  blood-vessels 

1  Langley,  loc,  cit. 

'  We  are  indebtod  for  this  material  io  the  kindness  of  Br  Frank  Penrose. 
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arc  irregularly  arranged  and  show  no  sign  of  being  radially  placed,  but 
are  seen  to  be  somewhat  elongated  in  the  plane  of  the  flattened  lobes. 
The  larger  vessels  have  very  thick  walls  and  are  situated  with  the  bile 
ducts  at  the  margin  of  the  lobe.  Each  lobe  is  enclosed  in  a  sort  of 
pseudo-capsule  formed  by  a  condensation  of  the  cells  near  the  surface 
and  having  a  diameter  of  from  25/i  to  50/t.  This  layer  of  condensed 
cells  lies  beneath  the  true  fibrous  capsule.  There  is  a  similar  condition 
in  the  liver  of  the  newt,  but  in  no  other  animal  which  we  have  ex- 
amined'. 

3.  Triton,  The  liver  of  the  newt  is  very  compact  and  its  tubular 
structure  is  not  very  apparent.  Wo  have  not  succeeiled  in  securing  a  good 
natural  injection  of  its  blooil-vcssols  and  this  has  rendered  the  tiiicing 
of  the  tubules  more  difficult*.  The  individual  cells  are  large,  measuring 
25/i  in  diameter  in  a  specimen  fixed  in  osmic  acid,  and  have  large 
nuclei,  10/i  to  12/i  in  diameter.  The  cells  have  a  general  granular 
appearance  slightly  more  marked  at  their  margins,  and  not  confined  to 
tlic  neighbourhood  of  the  lumen.  There  is  a  considerable  number  of 
large  granules  which  blacken  in  osmic  acid  and  are  irregularly  scattered 
throughout  the  c(»llrt.  Langloy'  found  that  the  granules  in  the  liver 
of  the  newt  are  largo  and  show  clearly  that  they  are  not  tho  nodal 
points  of  the  intra-cellular  network.  He  observed  no  arrangement 
of  the  granules  into  zones  during  digestion  and  he  says; — "The 
newts  liver  appears  to  me  to  depart  largely  from  the  tubular  type 
of  gland  and  to  resemble  in  structure  rather  the  mammalian  than 
the  oi-dinary  amphibian  liver."  Our  observations  lead  us  to  agree  in 
the  main  with  this  statement,  but  though  indistinct  the  tubule  can 
nevertheless  be  discerned.  The  tubule  measures  about  r)0/i  in  dia- 
meter and  is  composed  of  three  or  four  rows  of  cells  surrounding  the 
lumen.  The  intertubular  blood  channels  are  narrow,  their  dia- 
meter being  about  e<jual  to  that  of  a  newt's  blood  corpuscle.  Here 
and  there,  a  short  double  row  of  cells,  suggesting  a  length  of 
straight  tubule,  can  be  traced  for  a  little  distance  in  the  plane  of  the 
section.  There  is  no  basement  membrane  between  the  capillary  walls 
and  the  secreting  cells.  The  newt's  liver  is  essentially  a  parenchyma  of 
large  cells,  permeated  by  a  network  of  fine  blood  capillaries  and  drained 
by  a  reticulum  of  minute  bile  channels,  which  lie  usually  at  the  angles 
where  three  or  four  cells  meet,  and  so  arranged  that  each  cell  has  on 
some  side  of  it  a  blood  capillary  and  is  connected  at  one  point,  at  least, 

^  Eborth,  loc.  cit.^  dcscribod  the  same  condition  in  Proteus, 
''^  Langley,  loc.  cit. 
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of  its  surface  with  a  bile  channel  (Plate  XXYIII.  Fig.  6).  Scattered 
tlirougli  the  organ  are  numerous  rounded  masses  of  a  dark  brown 
pigment,  of  irregular  sizes,  but  having  an  average  diameter  of  about 
25/EA.  Similar  pigment  masses  occur  in  the  liver  of  the  frog,  of  the 
Ca3ciHan  and  of  the  tortoise. 

III.  Reptilu. 

1.  Testado,  The  liver  of  the  tortoise  is  the  most  beautiful  of  all  the 
tubuLar  livers  that  we  have  seen.  It  is  composed  of  largo  cells  having 
a  clear  oulcr  zone  and  a  dense  collection  of  reddish  granules  forming  an 
inner  zone  «around  tlie  lumen  which  but  for  this  fact  would  not  be  very 
conspicuous'.  The  nuclei  lie  near  the  periphery  of  the  cells,  four  to  six 
rows  of  which  form  the  tubula  The  tubule  has  a  diameter  varying 
from  50/i  to  70/i,  and  is  much  convoluted  with  frequent  anastomoses 
(Phito  XXVIII.  Fig.  7).  The  blood  channels  are  of  large,  but  very 
var^'ing,  calibre,  some  measuring  as  much  as  100/i,  and  are  enclosed 
by  a  nucleated  endothelial  wall  which  is  adapted  to  the  irregular 
surfaces  of  the  tubules  around  them.  Apart  from  this  endothelial  wall 
there  is  no  basement  membrane.  There  is  no  indication  of  a  lobule. 
The  ducts  occupy  their  usual  situation  beside  the  larger  blood-vessels, 
have  the  usual  structure  and  are  not  very  numerous.  The  tortoise's 
liver  contains  pigment  masses  resembling  those  of  the  newt,  but  larger. 
The  organ  is  enclosed  in  a  thin  fibrous  capsule. 

2.  PdUis.  The  liver  of  the  viper  is  in  the  main  very  like  that  of  the 
tortoise,  but  its  cells  aud  its  tubules  are  smaller.  The  average  diameter 
of  the  tubule  is  40/i,  and  the  walls  of  the  blood  channels  are  thicker 
than  in  the  tortoise.  The  cells  do  not  present  the  marked  outer  clear 
zone  and  the  condensation  of  granules  around  the  lumen  which  is  seen 
in  the  tortoise,  but  are  more  evenly  granular.  Hering'  figures  and 
d(\s(-ribcs  the  liver  of  another  snake  (Natrix).  Our  ])reparations  of  the 
liver  of  Pelias  confirm  the  accuracy  of  his  drawing  and  description. 
We  agree  with  him  in  finding  a  network  of  anastomosing  liver  tubules 
interlacing  with  a  reticulum  of  capillary  blood-vessels.  The  nuclei  of 
the  cells  are  near  the  periphery  of  the  tubule,  as  in  his  drawing,  and 
we  also  togrce  with  it  in  finding  that  there  is  no  basement  membrane 
around  the  gland  tubules. 

IV.  AvES.    The  liver  of  birds  is  extremely  dense  and  the  outlines 

1  Wo  are  unable  to  specify  the  exact  coiiditiou  as  to  hiiugcr  or  state  of  digestion,  in 
which  this  appearance  is  found. 
'  Hering,  Joe.  eit. 
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of  the  cells  obscure ;  and  in  sections  of  tbe  liver  of  a  full  grown  pigeon  but 
little  of  tbe  intimate  structure  can  be  seen  in  consequence.  In  young 
cbickens,  however,  the  arrangement  is  clearly  tubular  with  five  rows  of 
cells  to  tbe  tubules  which  have  a  diameter  of  30/a  to  40/l(.  The  tubules 
are  convoluted  and  anastomose  frequently  so  as  to  form  a  close  network, 
and  tbe  luminaare  distinct.  In  the  specimen  figured  in  Plate  XXVIII. 
Fig.  S,  the  cell  protoplasm  is  completely  honeycombed  by  a  number  of 
clear  spaces  filled  with  oil  globules.  The  blood  capillaries  are  small 
and  there  is  an  uniform  distribution  of  larger  vascular  trunks,  around 
which  there  is  a  tendency  to  a  radiating  arrangement,  but  no  distinction 
into  interlobular  and  intralobular  veins  can  be  seen. 

V.  Mammtvlta.  The  liver  of  an  embryo  cat  measuring  15  m.m.  in 
length  bears  a  striking  resemblance  to  that  of  the  lower  vertcbmtes 
and  may  well  be  compared  with  the  liver  of  the  eel.  It  is  composed 
of  a  network  of  anastomosing  tubules  measuring  30/t  in  diameter  with 
five  rows  of  cells  around  a  small  lumen.  (Plate  XXIX.  Fig.  9.)  The 
nuclei  lie  almost  centrally  in  the  cells.  The  general  arrangement  is  veiy 
irregular  and  the  blood  spaces  are  large.  There  is  no  basement  mem- 
brano,  though  the  walls  of  the  bloo*!  csipillarios  are  wuU  devcli>pcd,  and 
there  is  no  appearance  of  a  lobule. 

The  general  structure  of  the  adult  mammalian  liver  is  so  well  known 
that  any  detailed  description  of  it  is  unnecessary.  Our  own  observations 
confirm  the  descriptions  ordinarily  given.  In  sections  of  a  mammal's 
liver  the  bile  capillaries  of  which  have  been  injected  the  closeness  of 
the  meshwork  of  the  bile  channels  can  be  well  seen  and  is  a  strikin<r 
feature  of  difference  between  the  liver  of  these  types  and  that  of  lower 
foniis.  According  to  llering'  and  Eberth'  the  meshes  of  the  network 
of  bile  capillaries  are  of  the  size  and  shape  of  the  liver  cells ;  and 
bile  capillaries  are  never  present  between  liver  cells  and  blood  capillaries 
(Hering,  Heidenhain'  and  Peszke*).  The  situation  of  the  bile 
capillaries  in  respect  to  liver  cells  can  be  well  seen  in  osmic  acid  prepara- 
tions, and  is  found  in  Talpa  to  1)0  between  either  three  or  four  colls 
(Plate  XXIX.  Fig.  11)  and  in  Mus  to  be  between  three  cells  or  less 
commonly  only  two  (Plate  XXIX.  Fig.  10).  A  membrane  around  the 
bile  capillaries,  internal  to  the  liver  cells,  is  said  by  Asp*,  Peszke  and 

I  Hering,  loc.  ciu 

3  Eberth,  loceit, 

'  IIcidcnLain,  loe,  cU. 

*  TcB/.ko,  UiC.  cii. 

5  Asp,  Her,  d.  ulcfu.  Get.  d,  II'im.  Math,  physik,  CI.  1873. 
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others  to  be  present,  but  is  denied  by  Hering,  Eborth,  KoUiker 
and  otlicrs.     We  Iwwc  not  found  a  membrane  in  tins  situation. 

We  have  not  been  able  to  satisfy  ourselves  of  the  arrangement  of 
granules  in  the  cells  of  the  mole's  liver  as  described  by  Langley*  who 
states  that  in  digestion  there  are  rows  of  peripherally  arranged  granules 
giving  almost  the  appearance  of  a  cell  wall.  In  our  preparations,  though 
the  outlines  of  the  cells  are  very  distinct,  the  giunules  are  uniformly 
distributed  through  them.  In  a  cochineal-stained  section  of  the  liver  of 
the  pig  the  lobule  is  very  distinct  and  the  penetration  of  it  by  blood 
capillaries  is  extreme.  The  lumina  of  the  bile  capillaries  in  the  pig's 
liver  are  not  evident,  but  their  positions  can  be  readily  seen  by  the 
accumulation  of  yellow  coloured  (bile)  pigment  at  adjacent  positions  in 
contiguous  cells  (Plate  XXIX.  Fig.  12),  and  from  this  alone  we  are  able 
to  infer  that  the  network  of  bile  channels  is  a  very  close  one,  and  lies 
between  either  two  or  three  cells.  Ileriug'  figures  the  liver  of  a  young 
child  with  a  bile  capillary  lying  at  the  angle  between  three  cells,  and  in 
the  same  figure  another  one  lying  between  two  cells  is  shown.  In  none 
of  his  figures  is  a  basement  membrane  depicted,  and  in  his  description 
he  is  not  satisfied  that  there  is  one  distinct  from  the  capillary  wall. 
Heidenhain'  also  has  failed  to  find  such  a  membrane,  nor  can  we  find 
anything  of  the  sort  in  the  pig's  liver. 

C.    Theoketical. 

The  most  striking  feature  brought  out  by  an  examination  of  the 
series  of  vertebrate  livers  above  described  is  that  this  organ  is  in  the 
lower  vertebrates  essentially  a  meshwork  of  anastomosing  tubes  and 
that  its  structure  is  remarkably  uniform  in  all,  from  the  selachian  fishes 
upwards  through  the  amphibia  and  reptiles  to  the  birds.  It  might  have 
been  expecLod  that  somewhere  low  down  in  the  scale  a  liver  would  be 
met  with  consisting  of  tubes,  convoluted  but  not  anastomosing  to  form 
a  network,  and  that  in  tracing  it  upwards  an  increasing  complexity  might 
have  been  discovered.  The  fact  that  no  liver  has  been  found  with  these 
characters,  but  that  a  meshwork  of  tubules  is  present  even  in  the  lowest 
tyjios,  raises  the  (luestion  whether  the  liver  may  be  regarded  as  having 
sprung  from  a  gland  whose  secreting  tubes  do  not  anastomose  or  whether 
it  may  not  have  arisen  in  some  other  way.     The  adult  mammalian  liver 

'  Langloy,  loc,  cit. 

*  Hering,  loc.  cit, 

'  Hcidcnhnin,  loc.  cit. 
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shows  by  the  arrangement  of  its  bile  capilhiries  that  its  meshwork  is 
much  closer  than  in  any  other  vertebrate,  (though  in  this  respect  the 
liver  of  the  newt  somewhat  approaches  it,)  and  that  the  change  through 
which  it  has  passed  in  its  evolution  from  that  of  some  iQwer  type  is  in 
the  direction  of  increased  production  of  secretion  channels  with  the 
formation  of  a  finer  anastomosis.  A  tubular  liver  of  the  type  of  that 
of  the  eel,  but  with  an  extremely  close  meshwork  of  bile  capillaries  and 
with  a  reduction  of  the  number  of  cells  surrounding  the  lumen  from  five 
to  three  or  to  two  would  present  very  nearly  the  appearances  seen  in  a 
section  of  a  mammalian  liver;  where  the  bile  capillary  occupies  the 
angle  between  three  cells  it  would  represent  a  tubule  lined  by  three 
rows  of  cells,  and  where  it  is  situated  on  the  flat  surface  between  two 
cells,  then  the  tubule  would  be  one  having  but  two  rows  of  cells  around 
its  lumen.  One  might,  then,  suppose  that  the  mammalian  liver  was 
evolved  from  one  like  that  of  the  fishes  by  an  increase  in  the  frequency 
of  anastomoses  between  tubules,  with  a  diminution  in  the  number  of 
rows  of  cells  lining  them ;  and  that  this  reduction  of  cells  coupled  with 
the  increased  condensation  of  the  gland  had  rendered  it  difficult  to 
recognise  in  the  mammalian  liver  the  tubules  of  which  it  is  built  up. 
This  hypothesis  as  to  the  mode  of  formation  of  the  mammalian  liver  is 
supported  by  the  accepted  description  of  the  development  of  this  organ. 
Balfour^  after  describing  the  origin  of  a  diverticulum  or  diverticula 
from  the  duodenum  says: — ''From  the  primitive  diverticula  there  are 
soon  given  off  a  number  of  hollow  buds,  which  rapidly  increase  in  length 
and  number  and  form  the  so-called  hepatic  cylinders.  They  soon  ana- 
stomose and  unite  together  and  so  constitute  an  irregular  network. 
Coincidently  with  the  formation  of  the  hepatic  network  the  united 
vitelline  and  visceral  vein  or  veins  in  their  passage  through  the  liver 
give  off  numerous  branches,  and  gradually  break  up  into  a  plexus  of 
channels  which  form  a  secondary  network  amongst  the  hepatic  cylinders." 
It  is  not  till  quite  late  that  the  irregular  blood  channels  assume  the 
arrangement  found  in  the  hepatic  lobules  of  the  mlult.  If  wo  assume, as 
would  be  justified  by  Balfour's  account  of  the  actual  development,  that 
a  fusion  of  the  extremities  of  originally  distinct  branches  of  a  tube  can 
occur,  then  it  is  easy  to  understand  how  by  a  repetition  of  the  same 
process  a  meshwork  of  any  degree  of  closeness  may  arise.  In  support  of 
the  possibility  of  the  occurrence  of  such  anastomoses  one  would  look  for 
analogous  processes  elsewhere  in  the  body.     In  the  course  of  the  forma- 

1  Balfour,  Comparative  Emhryolojy*    Vol.  n.  p.  Gd2. 
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tioii  of  the  vertebrate  excretory  system  the  extremities  of  the  segmental 
tubes  unite  with  the  previously  formed  segmental  duct;  and  it  is  believed 
by  Lock  wood*  that  the  developing  testis  tubules  become  united  at  their 
extremities  with  the  ends  of  those  tubes  of  the  Wolffian  body  which  are 
about  to  form  vasa  efferentia.  In  the  development  of  capillary  blood- 
vessels, union  together  of  mesoblast  cells  to  form  a  network  of  tubes  is 
well  known.  On  the  other  band,  no  such  fusion  of  the  ends  of  tubes  is 
seen  in  the  course  of  the  development  of  the  pancreas  although  it  arises 
at  about  the  same  time  as  the  liver  and,  like  it,  as  an  outgrowth  from 
the  gtiL  Nor  is  such  an  uuiustouiosis  known  in  the  adult  structure  of 
any  other  tubular  gland.  It  is  difficult  to  see  why  such  should  occur  in 
the  case  of  the  liver  only.  Wq  find  it  difficult  to  believe  that  union  of 
the  ends  of  distinct  tubes  like  those  of,  say,  the  salivary  glands  or 
pancreas,  provided  as  they  are  with  a  basement  membrane,  could  take 
l>lace,  but  this  is  more  easily  conceived  possible  in  the  case  of  a  gland 
having  no  basement  membrane.  The  presence  or  absence  of  a  base- 
ment membrane  in  the  liver  is  a  disputed  point.  As  we  have  previously 
mentioned,  several  observers  have  thought  that  such  a  membrane  was 
present,  whilst  others,  and  notably  Heidenhain  and  Klein,  deny  its 
existence.  Our  investigations  have  failed  to  discover  in  the  liver  of 
any  type  ^  trace  of  such  a  membrane  apart  from  the  walls  of  the  blood 
capillaries. 

Although  the  ** liver"  of  some  invertebrata  consists  of  a  series  of 
coecal  tubes,  yet  the  absence,  even  in  the  lowest  vertebrates,  of  a  liver 
without  meshes  certainly  suggests  the  belief  that  the  network  of  tubules 
in  the  vertebrate  liver  is  present  ab  initio  and  is  not  derived  from  one 
without  anastomosing  tubes.  If  the  meshwork  has  not  arisen  by  the 
fusion  of  originally  distinct  cylinders  of  cells  as  described  by  Balfour 
and  other  oinhryologists,  it  seems  to  us  that  there  is  but  one  other  way 
in  whirh  it  (U)uld  have  had  its  origin,  viz. :-  from  a  solid  mass 
of  glandular  cells,  by  the  development  within  it  of  a  network 
of  intercellular  spaces.  We  venture  to  put  forward  this  view  as  a 
new  explanation  of  the  uniform  presence  of  anastomosing  tubes  in  the 
vertebrate  liver. 

There  is  nothing  in  the  known*  history  of  the  development  of  the 
liver  which  opposes  the  idea  that  the  gland  may  have  arisen  from  a  solid 
mass  of  hypoblast  cells  formed  at  the  extremity  of  the  primitive  hepatic 
diverticulum  and  which  growing  and  forcing  its  way  into  the  surrouiid- 

^  Lockwooil,   *•  Dovclopmeut  and  Transition  of  the  Testis."    HunUrian  Lecturet, 
18S8. 
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ing  mcsoblast,  becomes  itself  interpenetrated  by  ingrowing  mesoblast 
cells.  By  the  development  of  these  latter  into  blood  capillaries  the 
hypoblastic  cell  mass  would  become  broken  up  into  a  network  of  solid 
anastomosing  rods,  in  which  secretion  channels  would  subsequently  form, 
and  which  would  be  more  or  less  fine  according  to  the  completeness 
with  which  the  ingrowth  of  developing  blood-vessels  took  place.  It  is 
still,  doubtful  whether  the  hepatic  cylinders  are  at  first  hollow  or  solid. 
Balfour  states  that  they  are  hollow  in  elasmobranch  fishes,  in  amphibia 
and  in  somo  mammals.  In  Aves  both  Remak  and  Kolliker  find  them 
to  be  at  first  solid,  as  is  the  case  also,  according  to  Kolliker,  in  the 
rabbit. 

8uch  an  explanation  as  this  would  account  for,  nay  would  demand, 
the  existence  of  an  anastomotic  network  even  in  the  aimi)lcst  vorUd)nito 
livers,  and  would  explain  the  appearances  found  in  the  more  specialised 
liver  of  mammals  as  being  the  result  of  a  more  complete  penetration  by 
blood-vessels  and  a  greater  subdivision  of  the  mass  of  secreting  cell 
elements,  so  that  the  bile  capillaries,  instead  of  having  as  in  the  lower 
vertebrates  four,  five  or  six  rows  of  cells  around  them,  ore  bounded  by 
three  or  even  only  two  cells.  Just  as  the  less  distinctly  tubular  liver  of 
the  mammals  as  compared  with  the  prevailing  type  found  in  fishes, 
amphibians  and  reptiles  would  bo  due  to  a  more  complete  penetration 
of  blood-vessels,  so  would  the  apparently  anomalous  liver  of  the  lamprey 
be  explained  as  having  resulted  from  a  very  imperfect  ingrowth  of  blood 
capillaries,  so  as  to  leave  between  the  capillary  blood  meshes  relatively 
largo  masses  of  hepatic  cells  amongst  which  but  a  very  indefinite 
formation  of  biliary  channels  has  taken  place  \ 

In  a  section  of  the  liver  of  any  of  the  typos  we  have  examined  it  is 
remarkable  how  extremely  few  small,  or  even  medium  sized,  bile  ducts 
are  cut  across,  and  in  all  cases  whatever  ducts  are  present  have  well 
marked  walls  of  connective  tissue  lined  by  an  epithelium  quite  different 
in  character  from  the  cells  composing  the  liver  tubes.  In  the  case  of  the 
liver  of  the  lamprey  WQ  failed  to  find  any  small  ducts  and  in  that  of 
Concilia,  there  seems  to  be  only  one  very  largo  main  duct  running  with 
the  portal  vein  along  one  side  of  the  organ  and  apparently  receiving 
minute  communications  along  its  whole  course  from  the  liver  tubules  of 

1  Wiedersheim  {Comparative  Anatomy  of  Vertebrates,  Engl,  transl.  p.  242)  states 
thnt  tho  liver  of  the  lamproy  is  dcgcnerato,  but  specifies  no  gronnds  for  this  opinion, 
which  is  possibly  founded  on  the  current  belief  that  in  the  adnlt  lamprey  the  opening  of 
the  bile  duct  into  the  intestine  has  dosed  up.  By  some  biologists  the  lamprey  is  believed 
to  bo  dcgcncrato,  but  wo  ngrac  with  UatoRon  ("Ancestry  of  tho  Chortlatn,"  Q.  J.  Mier. 
Science,  1886)  in  failing  to  find  any  ground  for  this  opinion. 
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which  each  foliaceous  lobe  is  made  up.  These  facts  suggest  that  the 
priniil.ivc  hepatic  diverticula  alone  h.ivo  developed  into  bile  ducts,  and 
that  the  solid  coll  mass  formed  sit  their  extremities  and  from  which  the 
proper  liver  tissue  is  developed,  is  to  a  great  extent  distinct  from  tli(»m. 
They  also  suggest  that  the  bile  capillaries  are  not  formed  by  an  extension 
of  the  lumen  of  the  primitive  diverticulum  but  rather  by  the  production 
of  finer  channels  in  the  midst  of  solid  rods  of  cells ;  and  that  the  extent 
to  which,  with  the  growth  of  the  organ,  the  branches  of  the  primitive 
diverticula  have  penetrated  into  the  proper  liver  substance,  so  as  to 
form  fine  ducts,  has  been  but  limited.  The  way  in  which  the  bile 
capillaries  terminate  in  the  finest  bile  ducts  at  the  periphery  of  the 
lobules  has  been  described  and  figured  by  Asp*  and  by  Klein*.  In 
the  liver  of  the  mammal,  fine  bile  ducts  are  only  very  rarely  found 
within  the  lobule,  but  we  have  in  few  instances  seen  them,  especially  in 
the  liver  of  the  pig.  In  relation  to  this  part  of  the  subject  it  is  inte- 
resting to  note  that  Kiernan'  in  1833  figured  an  anastomosis  between 
branches  of  the  bile  duct  in  the  triangular  ligament  of  the  human  liver, 
and  that  E.  II.  Weber'  described  ducts  (vasa  aberrantia)  which  formed  a 
network  in  the  transverse  fissure  uniting  the  right  and  left  hepatic  ducts. 
Beale  also,  and  others  have  shown  that  tho  smallest  bile  ducts  form 
an  interlobular  anastomosis  amongst  themselves. 

An  examination  of  the  liver  of  tho  types  we  have  described  in  tho 
light  of  our  liy[H)thesis  will  show  that  all  the  appearances  can  be  ex- 
plained by  it.  We  can  find  no  other  satisfactory  interpretation  of  the 
arrangement  seen  in  the  liver  of  the  lamprey  (Plate  XXVII.  Fig.  1).  A 
comparison  of  a  section  of  the  eel's  liver  with  that  of  a  mammal  (Plate 
XXVII.  Fig.  2  and  Plate  XXIX,  Fig.  12)  shows  clearly  that  a  more 
intimate  subdivision  by  capillaries  in  the  case  of  the  latter  would  account 
for  the  differences,  and  at  the  same  time  it  is  seen  that  the  relative 
mngnitude  of  tho  blood  capillaries  in  tho  two  cases  is  very  diirercnt — tluKse 
of  the  eel  can  scarcely  be  called  *'  capillaries ".  That  this  is  the  true 
difference  in  the  two  cases  is  clear  from  a  comparison  of  a  section  of  tho 
liver  of  an  embryo  mammal  with  that  of  the  adult  and  with  that  of  the 
eel  (Plate  XXVII.  Fig.  2,  and  Plate  XXIX.,  Figs.  9  and  12).  On 
examining  a  section  of  tho  liver  of  the  newt,  tho  appeanances  seen, 
making  allowance  for  the  different  sizes  of  the  cells  and  smaller  details, 
are  more  like  those  of  tho  mammal's  liver  than  that  of  any  other  of  our 
types — (Plate  XXVllI.  Fig.  (>).     There  has  been  in  this  case  a  pene- 

*  Abp,  l()c,  cit,  '  Klein,  loc,  cit, 

•*  Quoiocl  by  Ucalo,  loc.  cit. 
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tration  of  the  mass  of  liver  cells  sufficiently  intimate  to  have  left  but 
three  or  four  rows  of  cells  to  form  the  tubules,  and  at  the  same  time  the 
total  vascularity  of  the  organ,  as  shown  by  the  size  of  the  blood  spaces, 
is  not  so  great  as  in  the  case  of  the  eel  or  tlie  mammal.  The  absence  of 
a  basement  membrane  around  the  liver  tubules  is  on  our  hypothesis  ox- 
plained  by  supposing  that  the  growth  and  production  of  blood  capillaries 
in  the  original  solid  mass  of  liver  cells  was  not  accompanied  by  the 
formation  of  ordinary  connective  tissue  elements.  On  the  other  hand 
the  presence  of  connective  tissue  in  the  walls  of  even  the  smallest  ducts 
is  explained  by  the  supposition  that  they  are  solely  formed  from  the 
primitive  hepatic  diverticulum  which  carried  with  it  developing  connec- 
tive tissue  from  the  wall  of  the  gut.  The  aiTangement  of  the  bile  ducts 
within  the  organ,  and  their  scarceness,  is  also  satisfiictorily  explained. 

Perhaps  however  the  most  characteristic  feature  in  the  mammalian 
liver  is  the  subdivision  of  the  organ  into  lobules,  a  condition  which  is 
uniformly  absent  in  the  liver  of  the  other  types  we  have  examined.  In 
endeavouring  to  explain  the  lobule,  one  would  naturally  seek,  in  lower 
forms,  for  any  trace  of  its  most  striking  character,  viz, : — the  presence  of 
capillaries  and  rows  of  liver  cells  or  liver  tubules  more  or  less  rtodiating 
round  a  small  central  vein.  It  will  be  noted  that  in  several  of  the  cases 
which  we  have  described  such  a  radiating  an*angement  of  an  imperfect 
and  indefinite  kind  is  seen,  but  in  all  these  cases  the  radial  appearance 
is  not  found  around  a  small  vessel  such  as  would  form  a  radicle  of  the 
hepatic  vein,  but  is  in  the  proximity  of  a  larger*  vessel  and  one  which 
has  thick  and  definite  walls  and  into  which  the  indefinitely  radiating 
capillaries  cannot  as  a  rule  be  traced.  Nor  in  these  cases  do  we  find  any 
peripheral  outline  however  indistinct  mapping  out  the  bordci-s  of  these 
radiating  systems.  These  cases  are  not,  we  think,  instances  of  incipient 
lobulation.  We  imagine  that  the  lobule  has  arisen,  during  the  growth 
of  the  organ,  by  the  formation  in  the  network  of  blood  capillaries  of  foci 
of  exit  for  the  blood  and  by  the  consequent  tendency  for  the  plexus  of  fine 
vessels  to  converge  to  these  points.  In  some  mammals  the  formation  of 
the  lobule  has  progressed  but  little  beyond  this  condition,  for  sometimes 
the  margins  of  the  lobules  are,  in  the  absence  of  injection,  only  very 
indefinite.  Following  upon  this  condition  there  appears  to  have  taken 
place  a  more  complete  and  intimate  ingrowth  of  bile  ducts  and  branches 
of  the  portal  vein,  carrying  with  them  more  or  less  connective  tissue 
from  the  porta  of  the  liver  so  as  to  form  a  Glisson's  capsule.  In  this 
way  we  imagine  that  the  outlines  of  the  lobules  have  become  definitely 
mapped  out.     The  extent  to  which   this   hjis  progressed  in  diirerent 
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ninnniials  is  ditfercnt;  in  tlie  majority  it  appeal's  to  be  fairly  marked,  but 
in  Home,  noLibly  tlio  ramot  and  the  polar  l)car,  it  has  attained  to  a  bigh 
degree  of  ]>erfection.  Turner*  found  in  the  camel  that  not  only  ia 
CilisRon*s  capsule  >Yell  marked,  but  that  there  is  in  the  peripheral  part 
of  the  lobule  a  sustent^icular  connective  tissue  framework  quite  distinct 
from  the  network  of  capillary  blood-vessels;  but  he  was  unable  to 
determine  whether  any  relation  existed  between  this  framework  and  the 
intmlobular  biliary  passages. 

To  siun  up.  We  can  picture  the  vertebrate  liver  as  having  been 
evolved  by  some  such  steps  as  the  following: — 

1.  The  formation  from  the  gut  of  a  hollow  diverticuhim  constitu- 
ting at  fii*st  a  simple  tubular  gland  lined  by  specially  modified  secreting 
endoderm.  This  stage  is  rej^resented  in  actual  anatomy  by  the  simple 
hepatic  diverticulum  of  the  Amphioxus,  and  is  reproduced  in  the 
ontogeny  of  the  higher  veitebmtes  by  the  formation  of  the  primary 
hepatic  outgrowth  of  the  hypoblast,  as  in  the  chick,  &c. 

2.  The  copious  subdivision  of  the  endoderm  cells  at  the  cojcal 
extremity  of  this  diverticulum  to  form  a  solid  mass  of  cells,  slightly 
penetrated  by  minute  channels  for  escape  of  secretion,  the  original 
diverticulum  becoming  a  duct. 

3.  The  further  multiplication  of  the  cells  of  this  mass  and  its 
penetration  by  blood-vossels  so  as  imperfectly  to  divide  it  into  solid 
an:vst4)mosing  ro<ls  of  secreting  cells  drained  by  a  system  of  inter- 
cellular bih^  cnnals.  This  stop  is  probably  preserved  in  the  liver 
of  the  him  prey. 

4.  The  more  complete  penetration  of  blood-vessels  between  the 
cylinders  of  hepatic  cells  so  as  to  form  a  well-marked  system  of  broad 
blood  channels,  separating  a  network  of  rods  of  cells  which  come  to 
be  arranged  in  a  single  layer  round  bile  c^'ipillaries.  This  is  seen  as  the 
|KH'nianent  condition  of  fishes,  amphibians  and  reptiles,  and  is  ontoge- 
netically  repeated  in  the  development  of  the  mammal. 

5.  A  still  finer  penetration  by  blood-vessels,  and  further  subdivision 
of  the  hepatic  cylinders  associated  with  an  an'angement  of  the  blood 
capillaries  around  foci  of  exit  for  the  blood  (hepatic  vein  radicles),  so 
as  (o  form  hopatie  lobules.  This  is  the  condition  found  in  the  adult 
mammalijL 

*  Turner,  "Oamers  Liver,"  </ottr;(.o//lruir.,  1877. 
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D.    Conclusions. 

1.  There  is  no  evidence  in  any  type  of  vertebrates  that  the  gland 
tissue  of  the  liver  is,  when  fnlly  formed,  anything  other  than  an  ana- 
stomosing network  of  tubules. 

2.  There  is  no  evidence  of  change  of  plan  as  we  ascend  the  verte- 
brate scale. 

3.  We  have  found  no  evidence  that  the  network  has  been  fonned 
by  the  fusion  of  originally  distinct  tubules. 

4.  Tlie  liver  is  originally  a  soliil  mass  of  colls  which  has  become 
penetrated  by  blood-vessels,  and  thus  divided  into  a  network  of  anasto- 
mosing cylinders. 

5.  The  peculiarities  of  the  liver  in  diflPerent  types  depend  upon  the 
extent  to  which  blood  channels  have  penetrated  and  subdivided  it 

C^,     The  special  characters  of  the  mammalian  liver  are  explained  by 

(a)  a  greater  |)enetration  of  blood-vessels  between  the  secreting  cells, 
with  their  subsequent  arrangement  around  foci  of  exit  for  blood;  and 

(b)  a  coincident  growth  of  connective  tissue  along  the  portal  branches 
so  as  to  map  out  the  organ  into  lobules,  a  process  which  in  different 
mammals  has  attained  to  varying  degrees  of  perfection. 


EXPLANATION   OF  PLATES  XXVIL— XXIX. 

Fig.  1.     Portion  of  a  section  of   the  liver  of  the  Lamprey.     (  x  about 
400  diam.) 

a.    Blood  capillary  with  nnclcated  endothelial  wall. 

h.    Blood   capillary  cut  transvoi-soly.     Ai*ound   it   is   seen   a   nidial 

aiTangenient  of  the  elongated  livor  colls, 
c.    Solid  hepatic  cylinder  with  loosely  arranged  cells. 
Fig.  2.     Part  of  a  section  of  the  liver  of  the  Eel.     (  x  400  diani.) 

a.    Transverse  section  of  a  larger  vessel  (probably  radicle  of  hepatic 
vein). 

Ik    Tiivrr  tnlndos  cnt  tmnsvcrsoly. 

c.  Lumen  of  a  liver  tubule. 

d.  Liver  tnhnle  in  longitudinal  section. 

0.    Nucleated  endothelial  wall  of  a  capillary  blood  siHice. 
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Fig.  3.     Section  of  au  OHiuiu  acid  preiKit*atioii  of  the  liver  of  the  b'rog. 
(  X  100  iliam.) 

(t.     Blood  corpU8clc8  lying  in  a  capillary  vcsHcl. 

b.  Outer  lightly  stained  zone  of  the  ccUb  of  the  liver  tubuleit. 

c.  Inner  black-Bttvined  graniihir  zone  around  the  lumen  of  the  tubule& 
Kig.  4.     Section  of  a  logwood  stained  pre[>ai*ation  of  the  liver  of  the  Frog. 

(  X  about  400  diaui.) 

a.  Sections  of  the  network  of  spaces  for  blood  capillaiies. 

b.  Liver  tubules  in  tinnsverse  section. 

c.  ijuniiiui  of  liver  tubules  cut  longitudinally. 

Fig.  5.     Section  of  the  liver  of  CoBcilia,     {  x  400  diam.) 
it.    A  bloiKl  capillary. 

b.  Section  of  a  liver  tubule. 

c.  Luuiina  of  liver  tubules  cut  ti^ansversely  and  longitudinally. 
Fig.  6.     S(M;tion  of  the  liver  of  the  Newt.     (  x  400  diara.) 

a.  S[mce8  for  capillary  blood- vessels. 

b.  Liver  cells. 

c.  Bile  capillaries. 

d.  Mass  of  brown  pigment. 

Fig.  7.     Section  of  the  liver  of  the  Tortoise.     (  x  400  diam.) 

a.  Blood  capillary  containing  clotted  blood. 

b.  Endothelial  wall  of  a  blood  capillary, 
r.  Inner  ginmuhu'  zone  of  the  liver  colls. 
(/.    Outer  clear  zone  of  the  liver  cells. 

b'ig.  8.     Section  of  the  liver  of  a  young  Chick.     (  x  420  diam.) 
<t.    Capillary  blood-vessel. 
6.    Endothelial  wall  of  blood  capillary. 

c.  Liver  tubules  cut  transversely. 

d.  Lumen  of  a  liver  tubule. 

Fig.  0.     Section   of   the   liver  of  an   Embryo  Cat,  15  mm.   iu  length. 
(xlOO  (liain.) 

a.  Capillary  blood  s^iace. 

b.  Endothelial  wall  of  capillary  blood-vessel. 

c.  A  liver  tubule. 

d.  Lumen  of  a  liver  tubule  cut  transversely. 

Fig.  10.     Portion  of  an  osmic  acid  preparation  of  the  liver  of  the  Rat. 
(  X  about  400  diunt.) 

a.  S^Mvces  occupied  by  the  network  of  blood  capillaries  cut  longitudi- 
nally. 

b.  Similar  spaces  cut  trans vei'sely. 

c.  Ti-ansverse  section  of  a  bile  capillary  lying  between  two  liver  cells. 

d.  A  similar  bile  capillary  lying  at  the  angle  where  three  liver  cells 
meet. 
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Fig.  11.     A  similar  preparation  of  the  liver  of  the  Mole.     (  x  about  400 
diaiu.) 

a.  Spaces  for  blood  capillaries. 

b.  Section  of  a  bile  capillary  lying  between  four  cells.     A  similar  one 
is  soon  near  it,  lying  between  three  cells. 

Fig.  12.     Portion  of  a  section  of  a  cochineal  stained  8|>ecinien  of  the  liver 
of  I  lie  Pig,  from  the  peidpheral  i>art  of  a  lobule.     (  x  about  400  diam.) 
a.    Nucleated  wall  of  a  capillary  blood-vessel. 

h.    Liver  cells  showing  a  collection  of  granules  where  two  or  three 
cells  are  contiguous. 


K 

5!' 


ON  NERVE-TRACTS  DEGENERATING  SECONDARILY 
TO  LESIONS  OF  THE  CORTEX  CEREBRI.  By  C.  S. 
SUEIUUNOTON,    M.A.,   M.13.     (Preliminary.) 

The  object  in  view  was  to  ascertain  to  what  extent  there  is  iu  the 
pyramidal  tracts  a  grouping  of  nerve-fibres  corresponding  to  the  group- 
ing of  nerve-cells  in  the  "cord-area'"  of  the  cerebral  cortex. 

For  this  purpose  a  number  of  shallow  lesions  were  made  in  the 
ccrcbiu  of  moukcys  (Macacus)  and  dogs.  As  the  observations  were 
to  be  chieily  on  monkeys,  a  delimitation  of  the  entire  pyramidal  tract  iu 
that  auimid  was  attempted  at  the  outset.  The  tract  was  found  to 
occupy  as  much  as  three-fourths  of  the  transverse  area  of  the  crusta  a 
little  above  the  pous :  it  Wiis  also  foumi  to  extend  even  as  low  as  the 
iirigiii  of  the  coccygeal  iiorvc-root*i :  thus,  to  bo  considerably  more 
extensive  than  any  existing  account  of  it  vvouhl  seem  to  indicate.  A 
|)eculiarity,  hitherto  undoscribed,  was  also  noticed  in  the  tract  in  Mattacus. 
In  the  cord  of  Macacus  from  the  level  of  the  2nd  cervical  to  the  level  of 
the  2ml  lumbar  nerve-roots  a  portion  of  the  tract  (one-lifth  of  the  entire 
tract  at  the  level  of  the  3rd  cervical  root)  lies  outside  the  direct  cere- 
bellar tnict  separating  that  hitter  from  the  periphery  of  the  lateral 
colunui.  That  is  to  say,  the  direct  cerebellar  tract  ascends  not  along  the 
edge  of  the  lateral  column  but  within  the  crossed  pyramidal  tract, 
dividing  that  latter  into  a  dee|x)r  lying  main  portion,  and  a  smaller 
peripheral  sheet. 

With  regard  to  the  supposition  that  in  a  transverse  section  of  the 
tracts  e.g.  in  the  upper  cervical  region,  the  fibres  descending  from  the 
arm-area  of  the  cortex  might  be  found  grouped  more  or  less  together 
in  one  jiortion  of  the  tract,  and  on  the  other  hand  fibres  from  the  leg- 
centre  grouped  more  or  less  together  in  another  portion  of  the  tract,  that 
supposition  was  not  confirmed. 

After  a  cortical  lesion  of  even  less  than  thirty  square  millim-extent 
the  degeneration  was  found  scattered  over  the  whole  transverse  area  of 
the  tract.  And  this  was  true  not  only  for  the  degeneration  in  the 
cord,  but  also  for  the  degeneration  in  the  crusta  at  the  base  of  the 
brain. 

The  only  evidence  of  a  localized  grouping  of  the  fibres  from  the 
cortex  to  the  cord,  lay  in  the  fact  that  the  more  mesial  and  anteiior 

^  By  the  "oord-area''  of  the  cortex  is  meant  that  area  of  the  cortex  injuries  to  which 
arc  foUowtid  by  degenerations  of  ucrve-fibres  in  the  sinual  cord.  Cf.  Sherrington, 
Thin  Journal,  Vol.  vi.  p.  177. 
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PYRAMIDAL  TRACT 


lesions  Id  the  so-called  motor 
cortex  wore  followed  by  de- 
generations which  in  the  cer- 
vical cord  were  especially  se- 
vere in  those  portions  of  the 
pyramidal  tract  abutting  upon 
the  direct  cerebellar  ti'acL 
Whereas  after  lesions  in  the 
more  lateral  and  more  poste- 
rior districts  of  the  motor  cor- 
tex those  portions  of  the  pyra- 
midal tnict  which  abut  ui)on 
the  cerebellar  tract  sutTcred 
less. 

Enquiry  was  then  made 
into  the  longitudinal  locali- 
zation oF  fibres  in  the  tnict. 

It  was  fouiiil  that  after  a 
lesion  in  the  leg-area,  en- 
croaching little  if  at  all  upon 
the  cortex  of  the  arm-area, 
the  degeneration  in  the  cord 
stopped  short  in  great  part  in 
the  cervical  region,  especially 
in  the  cervical  enlargement. 

Again,  after  lesion  in  the 
aim-area,  encru^icliing  little 
if  at  all  upon  the  cortex  of 
the  leg-area,  the  degeneration 
in  the  cord  extended  down 
through  the  dorsal  into  the 
InmlKir,  and  even  throughout 
the  sacral  region  of  the  cord. 

Following  every  cerebral 
lesion  that  gave  a  cord  de- 
generation at  all,  and  also 
following  hemisection  of  the 
cord  in  the  lower  dorsal  region, 
the  resulting  degeneration  was 
found  to  be  bilateral,  i.e.  the 
unilateiid   luHion    eaiised  de- 
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generation  in  the  pyramidal  tracts  below  in  both  lateral  columns  of 
the  cord.  The  amount  of  degeneration  on  the  rccrossed  side  varied 
extremely,  from  less  than  one-hundredth  to  more  than  one-sixth  if  ex- 
pressed in  tonus  of  uuinher  of  dogouoratcd  fibres  in  the  opposite  crossed 
pyramidal  tnicL 

From  the  degenerations  the  following  points  were  made  out  for  the 
"  recrossed  tracts*  '* : — 

i.  They  consist  of  fibres  deiived  from  the  crossed  tract  of  the 
opposite)  half  of  tlui  cord,  autl  arc  connected  directly,  i.e.  without  the 
intermedialiou  c»f  norv^Ncclls,  with  that  cortex  which  is  the  place  of 
origin  of  the  crossed  tract  whence  they  come. 

ii.  Their  path  of  connection  with  the  cortex  twice  crosses  the 
median  line,  the  proximal  crossipg  being  at  the  pyramidal  decussation. 

iii.  They  are  largest  in  the  cervical  and  lumbar  enlargements  of  the 
conl. 

iv.  Tlu^y  ()ccui)y  the  same  area  in  a  transverse  section  of  the  cord  as 
does  the  crossed  pyramidal  tract,  amongst  the  fibres  of  the  crossed  tnut 
from  the  left  hemisphere  being  scattered  those  of  the  recrossed  tracts 
from  the  right  hemisphere. 

v.  Following  small  cerebral  lesions  in  certain  portions  of  the  cortex 
degeneration  of  the  recrossed  tracts  in  the  cervical  and  lumbar  enlarge- 
mentiH  may  oxisi,  n\u\  Inr  a  considiM'abIn  lentrth  of  the  intrrvening  doi-sal 
region  no  dogtuioralion  bo  present  on  the  recrossed  side. 

vi.  Division  of  one  lateml  column  in  the  dorsal  region  (lower)  causes 
below  a  degeneration  on  the  side  opposite  to  the  lesion  as  well  as  on  the 
same  side  a^  the  lesion — i.e.  a  degenei*ation  of  the  recrossed  lumbar  tract 
as  well  as  of  the  main  crossed  tract. 

By  counting  degenerated  fibres  in  the  tracts  it  was  found  that  the 
fibres  not  only  of  the  recrossed  but  of  the  crossed  tracts  do  not  diminish 
in  inimber  from  above  downward  in  a  regular  manner.  After  lesions  of 
leg-area  and  <arm-area  they  diminish  in  number  most  rapidly  in  the 
lower  ptu'tions  of  the  lumbcir  and  cervical  enlargements  respectively: 
after  face-area  lesions  in  the  portions  of  the  pyramid  distal  to  the  pons. 

As  traced  from  above  downward  they  may  actually  not  diminish  in 
number  but  increase.  Especially  is  this  true  of  the  upper  portions  of 
the  cervical  and  hnnbar  enlargements.  The  fibres  must  therefore 
branch  ns  they  pass  downwards.  This  branching  throws  an  obvious 
light  on  the  nature  of  the  recrossed  tracts. 

1  Thi«  uomenclature  was  proposed  in  a  paper  in  thia  Jmtrnal,  Vol.  vi.  177,  for  reasons 
there  explained.    The  arguments  there  adduced  are  supported  by  the  present  results. 
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With  it  may  also  be  connected  a  frequency  of  arrangement  of  th< 
degenerating  fibres  in  a  scattered  degeneration  in  pairs.     The  fibrei.  . 
thus  found  in  pairs  may  to  avoid  periphrasis  be  termed  "geminal"  fibre*  '\^^ 

"Qeminal  fibres." 

i.     Each  of  the  two  fibres  is  a  counterpart  of  the  other  in  size  and  in 
the  stage  of  degeneration  which  it  hna  reached. 

ii.  The  fibres  are  almost  always  quite  large  or  large-medium ;  geminal 
fibres  of  quite  small  size  I  have  not  found. 

iii.  Occasionally  to  be  seen  are  "geminal"  axis-cylinders,  enclosed  in 
a  medullary  sheath  common  to  both.  |^ 

iv.  Oeminal  fibres  are  relatively  as  well  as  absolutely  very  much  loss  j 
rrcM|iicnt  in  the  rccrossod  than  in  thc^  ('II)sscmI  l.nirls,  although  the  vv-  j 
crossed  tracts  contain  a  far  larger  percentage  of  large  and  large-medium  \ 
fibres  than  do  the  crossed  tracts.  , 

It  is  suggested  that  the  "geminal"  fibres  are  derived  from  parent 
fibres  by  dichotomous  division.     A  fibre  of  the  pyramidal  tract  may  give 
rise  to  more  than  one  branch  ;  or  its  branches  may  themselves  again       ; 
divide. 

I(.  was  further  shown  that,  although  the  belief  that  the  m(»l^r  area  of 
the  cortex  and  the  "cord  area"  of  the  cortex  are  contenninous  rests  upon        j_ 
no   very  accurate  observations,  still  the  two  areas  are  so  in  certain 
directions  very  nearly  indeed,  if  not  absolutely.  1 

Considerations  suggest  that  the  pyramidal  tract  is  a  path  of  cortical  i 
visceral  (splanchnic)  as  well  as  of  cortical  somatic  fibres — hence  fibres  i 
descending  from  the  arm-area  of  the  coi-tex  into  the  lumbar  region  of  \ 
the  oonl.     Insistence  may  l»e  laid  upon  the  pyramidal  tnvct  as  a  line  | 

of  direct  communication  of  each  hemisphere  of  the  brain  with  both  halves 
of  the  spinal  cord,  not  with  one  only — as  generally  described. 

Other  observations  showed  that 

i.    The  fibres  of  the  fornix  degenerate  from  behind  forwards. 

ii.  After  lesion  in  the  "cord-area"  of  the  cortex  fibres  dotrenemto 
which  pass  through  tho  corpus  callosum  into  tho(>pi)osit.e  homisphero. 

iii.  Degenerations  in  the  corpus  callosum  are  entailed  also  by  lesious 
situate  in  the  cortex  posterior  to  the  cord-area,  as  also  by  lesions  lateral 
to  the  cord-area,  and  anterior  to  the  cord-area. 

iv.  The  interhemispheral  degenerations  tend  to  scatter  and  do  not  pass 
chiefly  between  "  identical"  areas  of  the  two  hemispheres. 
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ON  THE  HISTOLOGY  OF  THE  MUCOUS  SALIVARY 
GLANDS,  AND  ON  THE  BEHAVIOUR  OF  THEIR 
MUCOUS  CONSTITUENTS.  By  J.  N.  LANGLEY,  M.A., 
F.R.S.,  Fellow  of  Ti^nity  College,  Cambridge,    Plate  XXX. 

A  GOOD  deal  that  is  given  id  this  Paper  in  some  detail  I  have 
already  briefly  described  in  the  Proceedings  of  tlie  Roycd  Society, 
Vol.  XL.  p.  3G2,  1886. 

Some  of  the  conclusions  which  I  then  drew  I  have  since  seen  reason 
to  change  and  to  reconsider.  And  in  especial,  the  view  that  I  gave  as 
to  the  structure  of  the  mucous  cell  requires  reconsideration.  For  whilst 
I  have  obtained  further  evidence  of  the  existence  of  separate  particles 
of  mucin,  the  granules,  both  in  the  fresh  and  in  the  hardened  mucous 
cell,  and  of  the  existence  of  a  network  in  the  cells  after  treatment  with 
various  rc:igonlis;  tlio  ovidoncc  for  the  existence  in  the  living  coll  cither 
of  a  network  or  of  mucin  in  any  other  form  than  granules  is  much 
weakened  by  some  fiicts  with  regard  to  the  behaviour  of  the  gland 
which  I  had  not  observed  at  the  time  of  my  earlier  account. 

The  discussion  of  the  structure  of  mucous  cells  will  best  be  taken 
later,  after  a  description  of  the  appearance  presented  by  the  cells  in 
various  conditions. 

The  matters  I  propose  to  deal  with  are,  the  microscopical  appearance 
of  the  fresh  and  of  the  hardened  gland,  the  various  bodies  that  can  bo 
seen  in  saliva,  the  changes  which  take  place  in  the  gland  cells  during 
secretion,  the  nature  of  the  demilune  cells,  the  nature  of  the  mucous 
substance  in  the  gland  and  in  saliva. 

In  the  following  account  I  describe,  unless  otherwise  mentioned,  the 
orbital  and  the  sub-maxillary  glands  of  the  dog.  I  have  compared  with 
these  a  certain  number  of  other  mucous  glands,  viz.  in  the  dog,  the 
])haryngeal  mucous  glands;  in  the  cat,  the  orbiUd  and  sub-muxillary 
glands ;  in  the  mole,  the  sub-maxilhiry  gland  ;  and  in  the  i*at  and  guinea- 
pig,  the  mucous  portion  of  the  sub-maxillary  gland.  In  all  these,  with 
the  exception  of  the  nuicous  portion  of  the  sub-maxillary  gland  of  the 
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rat,  the  mucous  cells  differ,  so  far  as  I  have  observed,  chiefly  in  the 
size  of  the  mucous  granules  and  in  the  amount  of  proteid  substance 
which  they  contain.  The  sub-lingual  gland,  since  it  has  some  special 
features,  I  shall  describe  separately. 


Part  I.    Chiefly  on  the  Microscopic  appearances  of  the  Fresh 
Gland,  and  the  effect  of  various  reagents  on  these  appearances. 

Appearance  of  the  fresh  gland.  It  is  not  easy  to  obtain  a  thin 
fragment  of  a  fresh  mucous  gland.  A  piece  fairly  thin  at  the  edges 
may  be  obtained,  either  by  preparing  a  section  free-hand  with  a  razor, 
or  with  the  aid  of  a  Valentino's  knife,  or,  in  the  case  of  softer  glands,  by 
cutting  off  a  small  piece  with  a  sharp  pair  of  scissors. 

Thin  sections  can  of  course  be  obtained  from  a  piece  of  frozen  gland, 
but  unfortunately  freezing  alters  considerably  the  appearance  of  the 
cells ;  after  freezing  the  granules  of  the  mucous  cells  are  not  distinctly 
distinguishable  from  the  rest  of  the  cell  substance,  nor  do  they  become 
so  on  adding  salt  solutions  (cf.  p.  436),  the  cell  outlines  are  distinct,  tlie 
nuclei  often  visible,  the  granules  of  the  demilune-cells  and  of  the  ducts 
are  faintly  seen.  If  the  piece  of  gland  be  soaked  in  NaCI  5  p.c.  before 
being  frozen  a  few  of  the  mucous  granules  may  be  preserved  here  and 
there  in  a  section. 

When  a  thin  section  or  fragment  of  a  quite  fresh  gland  is  examined 
without  the  addition  of  fluid,  all  the  alveoli  have  a  ground-glass  or  an 
irregularly  granular  appearance,  but  distinct  separate  granules  are 
usually  not  scon ;  there  is,  in  the  thicker  parts  of  the  preparation,  little 
or  no  difference  between  albuminous  and  mucous  alveoli',  or  between 
demilunes  and  mucous  cella  But  in  parts  of  the  preparation  consisting 
of  a  single  layer  only  of  cells,  all  the  cells  are  seen  to  contain  feebly 
refractive  granules,  spherical  or  nearly  so,  those  in  the  mucous  cells 
being  larger  and  more  distinct  than  those  in  the  albuminous  and 
demilune  cells.     Occasionally  the  mucous  granules  are  distinct  in  the 

^  It  ifl  a  generally  aooepted  fact  that  the  salivarj  glands  are  branched  tubular  glands. 
Thia  has  been  insisted,  on  recently  by  Flemming;  in  the  absence,  however,  of  any  con- 
yenient  term,  I  shall  keep  to  the  custom  of  calling  *  alveoli '  the  obliqne  and  transverse 
sections  of  the  secreting  terminal  tubes  as  they  are  seen  with  the  microscope.  Such 
*  alveoli '  may  consist  either  of  albumiuous  or  of  mucous  cells,  or  of  mucous  cells  with  a 
few  albuminous  cells  lying  apparently  outside  them.  In  the  latter  case  the  albuminous 
colls  are  usually  called  demilune  cells.  I  shall  for  the  present  follow  this  usage,  although 
I  do  not  think  that  there  is  any  difference,  except  in  shaix),  between  domilnuo  colls  and 
the  cells  of  albuminous  alveoli. 
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freshly  inouuted  spccimeu,  possibly  iu  consequcuce  of  a  little  more 
lymph  than  usual  having  soaked  into  it.  In  the  resting  state  of  the 
mucous  cells,  the  granules  stretch  throughout  them.  In  young  animals, 
and  in  animals  killed  during  digestion,  there  may  be  a  narrow  outer  margin 
which  is  very  faintly  granular,  less  distinctly  so  indeed  than  the  demi- 
lune cells.  The  margin  consists  of  a  small  amount  of  proteid  substance 
lying  at  the  base  of  the  cell.  The  nuclei  of  the  cells  are  not  visible, 
and  it  is  often  barely  possible  to  make  out  the  cell-outlines;  in  some 
cases,  however,  and  not  infrequently  in  the  glands  of  the  cat,  the  limits 
of  the  cells  as  transparent  lines  can  be  fairly  well  seen,  apparently 
because  of  the  comparative  thickness  of  the  limiting  layer  of  the  cell. 

After  the  specimen  has  been  mounted  for  some  time,  the  granules, 
and  especially  those  in  the  mucous  cells,  become  more  distinct.  The 
granules  are  closely  packed  and  have  no  definite  arrangement.  In  the 
mucous  cells  there  are  ten  to  twelve  in  a  line,  stretching  from  the 
lumen  to  the  basement  membrane.  Since  the  granules  do  not  vary 
much  in  diameter  in  different  cells,  the  number  of  granules  in  any  one 
cell  depends  chiefly  upon  its  size.  As  a  rule  the  number  of  granules 
in  a  cell  may  be  taken  as  varying  from  125  to  250. 

In  the  process  of  mounting  the  specimen  some  of  the  cells  may 
have  been  more  or  less  broken  up ;  in  such  case,  if  there  is  a  little  fluid 
dinging  U)  the  Hpocinion,  the  contents  of  the  ccIIh  mix  with  it.  The 
granules  are  then  distinctly  seen,  although  their  outlines  are  not  so 
sliaip  as  those  of  the  granules  in  a  similar  prepamtiou  of  the  parotid 
gland ;  still  some  care  is  required  to  distinguish  them  from  the  small 
fat  globules  which  are  also  usually  present. 

The  granules  are  surrounded  by  a  clear  homogeneous  substance 
which  causes  them  to  be  arranged  in  rows.  This  is  better  seen  when 
the  cover-slip  is  gently  pressed,  so  that  the  granules  can  be  watched 
OS  they  slowly  stream  out  of  the  alveolL 

Although,  as  I  have  said,  the  granules  do  not  vary  appreciably  in 
size  in  different  cells,  yet  they  vary  in  size  in  any  one  cell;  their 
average  size  is  somewhat  greater  than  that  of  the  proteid  granules  of 
the  parotid  gland  cells.  Most  of  the  mucous  granules  of  the  sub- 
maxillary gland  of  the  dog  have  a  diameter  of  10 fi  to  1*5^,  but  a 
considerable  number  of  smaller  ones  and  a  few  lai^er  ones  are  always 
present;  in  the  orbital  and  in  the  pharyngeal  mucous  glands  of  the 
dog  the  granules  are  a  little  larger,  most  being  1*25^  to  1*75/1  in 
diameter. 

Some  of  the  alveoli  usually  undergo  changes  different  from   that 
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described  above.  In  some,  the  granules  become  less  and  less  distinct, 
and  the  substance  between  them  becomes  more  an<l  more  distinct,  so 
that  the  cells  appear  at  first  sight  to  contain  a  network  with  small 
meshes,  viz.  8  to  12  lumen  to  basement  membrane  (Fig.  2,  PI.  XXX.). 
On  closer  examination  the  apparent  network  can  here  and  there  be 
socu  to  be  simply  the  optical  section  of  the  small  amount  of  substance 
existing  between  the  granules,  but  in  most  crises  it  is  not  suQicicutly 
distinct  to  justify  any  conclusion  with  regard  to  it. 

After  an  experiment  in  which  the  outflow  of  saliva  from  the  duct 
has  been  retarded, — e.g.  when  the  secretory  pressure  is  observed — the 
colls  often  look  vacuolated.  The  apparent  vacuoles  consist  of  swollen 
tnucouH  substance,  thoy  are  not  all  spherical;  hero  and  there  such  a 
swollen  mass  may  occupy  nearly  the  whole  of  the  cell  in  which  it  lies. 
Apart  from  cases  in  which  the  outflow  of  saliva  from  the  gland  has  been 
obstructed,  a  vacuolated  appearance  is  rare.  When  it  occurs,  the 
mucous  granules  may  still  be  rendered  obvious  by  irrigating  with 
sodium  chloride  1  p.c.  or  stronger. 

The  ducts  of  the  lobules  in  the  fresh  gland  have  a  slightly  yellowish 
tint,  this  is  nnirh  more  marked  in  the  sub-maxillary  than  in  the  orbiUil 
gland.  The  outer  and  larger  portion  of  the  ducts,  occasionally  ahnost 
homogeneous,  is  usually  finely  and  indistinctly  granular  (cf.  Fig.  8  (a), 
PI.  XXX.).  The  striation  which  is  so  obvious  after  most  methods  of 
hardening  is  not  seen  in  the  fresh  gland ;  but  it  usually  becomes  more 
or  less  apparent  when  the  specimen  is  kept.  The  granules  for  a  time 
become  more  obvious,  then  they  swell,  and  as  they  do  so,  become  paler, 
arranged  in  rows,  and  often  elongated,  at  the  same  time  the  cell- 
substance  between  them  becomes  more  distinct;  owing  to  these  two 
changes  the  ducts  acquire  a  striated  appearance  (cf.  Fig.  8  (&)).  Occasion- 
ally the  duct  cells,  besides  containing  small  fat  globules  chiefly  in  the 
neighbourhood  of  the  nucleus,  contain  also  large  fat  globules  about  the 
size  of  the  nucleus;  these  are  not  uncommon  in  the  submaxillary 
gland  of  the  cat 

Effect  of  sodium  chloride  solutions.  On  irrigating  a  freshly  mounted 
specimen  with  sodium  chloride  '6  p.c,  the  granules  of  the  cells  become 
fairly  distinct  The  mucous  granules  which  have  been  set  free  by  the 
breaking  up  of  some  of  the  cells,  swell  and  become  less  refractive,  the 
outermost  lying  granules,  which  have  very  little  viscid  mucous  substance 
surrounding  them,  become  difficult  to  make  out 

Some  of  the  granules  suddenly  disappear,  bursting  like  bubbles. 
On  this  point  it  is  necessary  to  say  a  word  or  two,  although  it  anticipates 
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a  part  of  what  must  be  described  later.  The  manner  in  which  the 
graiiiilits  (lisapi><;ar  with  a  nuinhcr  of  reagents  is  like  (hat  in  which 
gninulcs  of  the  oesophageal  glands  of  the  frog  and  of  the  gastric  glands 
of  many  vork^hnitos  disjippear  on  adding  hydrochloric  acid.  In  tluiso 
cases  we  speak  without  hesitation  of  the  granules  being  dissolved.  In 
the  case  of  mucin  granules  the  matter  is  ditferent.  It  is  true  that 
alkalies  which  dissolve  mucin — as  far  as  it  is  dissolved  in  any  reagent 
— cause  them  to  *  burst/  but  on  the  other  hand,  a  similar  bursting  of 
many  granules  can  be  seen  on.  irrigation  with  a  saturated  aqueous 
solution  of  mercuric  chloride,  in  which  mucin  of  saliva  forms  at  most 
a  ropy  clump.  I  take  it,  that  the  granules  on  bursting  may  form  either 
a  viscid  solution  or  a  ropy  mass.  Under  the  microscope,  the  granules 
disappear  as  such  completely;  they  form  a  continuous,  transparent, more 
or  less  viscid  mass.  Microscopic  examination  affords  no  satisfactory 
means  of  determining  in  such  a  mass  how  far  the  mucin  is  dissolved 
siml  how  far  simply  swollen  up.  The  disappearance  of  the  granules 
in  the  above-mentioned  manner  I  shall  then  simply  speak  of  as  the 
bursting  of  the  granules. 

When  a  piece  of  gland  is  teased  out  in  NaCl  1  to  5  p.c,  the 
ftugments  become  less  transparent  and  whiter;  under  the  microscope 
the  alveoli  are  much  more  opaque  than  in  the  fresh  gland,  and  are 
p:ickod  with  granules,  nuclei  are  not  seen  in  the  alveoli,  and  cell 
outlines  rarely.  The  mucous  granules  have  very  sharp  outlines,  whether 
they  are  seen  in  the  alveoli  or  lying  free  in  the  fluid.  Occasionally 
in  5  p.c.  NaCl  the  granules  stick  together  in  rows  or  in  clumps  as  they 
are  pressed  against  one  another,  but  they  do  not  coalesce. 

On  irrigating  a  slightly  teased  fragment  of  a  fresh  gland  with  NaOl 
5  p.c,  it  is  seen  that  the  contents  of  the  alveoli  as  they  stream  out 
into  the  iluid,  form  first  a  clear  bleb,  closely  beset  with  granules 
(cf.  Fig.  I);  then  the  bleb  swells  and  the  granules  become  arranged 
in  lines  parallel  to  the  surface  of  the  bleb. 

The  clear  substance  is  swollen  mucin  ;  for  on  irrigating  the  specimen 
with  strong  acetic  acid  or  alcohol,  the  bleb  shrinks  and  becomes 
changed  into  a  membranous  looking  mass  of  mucin,  such  as  is  produced 
by  irrigating  a  small  drop  of  viscid  saliv:i. 

In  the  specimen  irrigated  with  sodium  chloride  solution,  the  bleb 
continues  to  swell,  but  keeps  for  a  time  a  fairly  sharp  (uitline  towards 
the  fluid ;  later  this  disappears  and  the  granules  appear  to  lie  free  in  the 
fluid.  With  NaCl  'G  p.c.  the  clear  mucous  substance  swells  more 
rapidly,  so  that  there  is  for  a  short  time  only,  or  not  at  all,  a  line  to  be 
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seen  marking  the  limit  of  the  cell  contents;  in  consequence  the 
granules  are  usually  arranged  in  lines  parallel  to  the  direction  of  Sow. 
With  NaCl  1  p.a  a  few  granules  may  burst.  By  pressing  the  cover  slip 
it  will  be  seen  that  the  granules  near  the  alveoli  are  still  surrounded  by 
a  viscous  substance. 

On  continuing  the  imgation  with  5  p.c.  NaCl,  the  groups  and  rows 
of  granules  are  gradually  washed  away  from  the  edge  of  the  specimen. 
The  rows  of  granules  as  they  are  carried  away  by  the  current  often 
turn  over  bodily,  the  constituent  granules  not  being  separated  from  one 
another.  But  here  and  there  granules  are  separated  from  a  row,  so 
that  in  the  further  course  of  the  current  no  row  consists  of  more  than 
two  granules;  these  separate  when  the  viscous  substance  around  tliem 
becomes  diluted  to  a  limpid  fluid.  A  delicate  connecting  filament  can 
sometimes  be  observed  between  two  granules  (cf.  Fig.  4  (6))  as  they  are 
being  rolled  over.  Since  no  such  connecting  filament  between  the 
granules  can  be  seen  inside  the  cells,  it  probably  indicates  that  the 
granules  here  and  there  stick  together  where  they  come  in  contact 

In  10  p.c.  sodium  chloride,  the  appearance  of  the  granules  is  much 
tho  same  as  in  5  p.c;  but  a  smaller  bleb  is  formed  where  the  coll 
contents  are  poured  out,  and  this  swells  much  more  slowly,  aud 
the  rest  of  the  cell  substance  is  more  transparent.  In  20  p.c.  and 
in  stronger  solutions  of  sodium  chloride,  sometimes  also  in  weaker, 
the  granules  are  apt  to  be  elongated  or  irregular  in  shape  instead 
of  being  spherical  (cf.  Fig.  4  (c)) ;  they  are  more  apt  also  to  cling 
together  in  small  groups ;  in  some  of  these  groups  the  separate  granules 
may  be  barely  distinguishable.  On  irrigating  with  6  p.c.  NaCl  after 
20  p.c.  the  bleb  of  mucin,  seen  where  the  contents  of  the  cells  have 
streamed  out  into  the  salt  solution,  swells,  and  on  irrigating  with  1  p.a 
NaCl  the  bleb  of  mucin  swells  still  more  and  some  of  the  granules 
burst. 

I  have  said  that  when  the  more  dilute  salt  solutions  are  used,  some 
of  the  granules  as  they  stream  out  of  the  colls  may  be  scon  to  burst; 
with  5  p.c.  and  stronger  solution  of  salt  I  have  never  been  able  to 
see  a  granule  burst  except  when  the  gland  has  been  kept  for  some 
time. 

In  the  salt  solutions  the  mucous  granules  are  preserved  for  a  con- 
siderable period.  Gradually,  however,  they  swell  slightly  and  their 
outlines  become  faint,  finally  they  disappear.  The  rate  at  which  the 
alteration  proceeds  depends  in  part  upon  the  strength  of  the  salt 
solution,  being  slower  with  a  5  p.c.  than  with  a  1  p.a  solution,  and  in 
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part  upon  the  abseuce  of  viscid,  swollen  or  dissolved  inucia  around 
them.  Thus,  when  a  piece  of  gland  is  finely  chopped  up,  and  shaken 
with  5  p.c.  salt  solution,  a  more  or  less  viscid  fluid  is  obtained,  and 
there  is  a  ropy  mass  around  the  fragments  of  the  gland ;  at  first 
granules  are  fairly  plentiful  in  the  fluid,  the  ropy  mass  and  the  cells  are 
thickly  beset  with  them  ;  in  a  day  or  earlier  the  granules  may  have 
disappeared  from  the  fluid  but  still  be  found  in  the  ropy  mass;  they 
largely  disappear  from  the  ropy  mucin  at  a  time  when  they  are  still 
fsiirly  ninnerous  in  the  cells;  in  those  the  granules  may  remain 
distinct  for  several  days.  Up  to  a  certain  stage  many  granules,  not  or 
barely  seen  when  mounted  in  the  fluid  they  have  been  kept  in,  may 
again  be  rendered  obvious  by  adding  a  stronger  salt  solution. 

Isolated  mucous  cells  may  now  and  then  be  obtained  when  a 
fragment  of  the  gland  is  teased  out  in  sodium  chloride  5  p.c.  mounted, 
and  the  cover-slip  cautiously  pressed.  They  are  more  common  when  a 
piece  of  the  gland  is  finely  chopped  up  with  a  scalpel  and  then  well 
shaken  in  a  small  quantity  of  the  salt  solution.  By  either  method  they 
are  more  numerous  if  the  gland  is  allowed  to  stay  in  the  body  for  a 
day  before  being  taken  (cp.  p.  451).  Isolated  cells  may  more  frequently 
be  obtained  from  the  submaxillary  and  orbital  glands  of  the  cat  than 
from  the  sub-maxillary  gland  of  the  dog :  I  have  very  rarely  obtained 
l.honi  from  Iho  fresh  orhiUvl  gland  of  tlio  dog.  1  am  indiuod  to  connect 
the  varying  case  of  isolation  of  the  cells  with  the  amount  of  proteid 
substiuice,  relatively  to  mucous  substance  in  them.  A  certain  amount 
of  proteid  substance  must  be  present  in  order  to  prevent  the  swelling  of 
the  mucous  substance  leading  to  a  bursting  of  the  cell;  the  easier 
isolation  of  the  cells  some  time  after  death  is  similarly  probably  due 
to  a  coagulation  of  the  protoplasm  of  the  cells.  A  mucous  cell  isolated 
in  2  to  5  p.c.  siMlium  chloride  appe^xrs  as  a  mass  of  highly  refractive 
spherical  granules  held  together  by  a  barely  visible  cell-substance 
(cf.  Fig.  5  (a));  it  is  more  or  less  columnar,  never  pear-shaped  or 
globular,  as  it  is  after  isolation  in  chloral  hydrate ;  it  does  not  show  a 
cell-process ;  the  nucleus  lies  close  to  the  basal  end  of  the  cell. 

When  a  gland  is  allowed  to  remain  in  the  body  more  than  a  day 
after  death  before  being  tciised  out  in  salt-solution  the  isolated  colls 
often  contain  less  than  their  original  number  of  granules.  The  rate  of 
dissippearauce  of  the  granules  varies  a  good  deal.  In  the  glands  of  the 
dog  I  have  generally  found  the  granules  numerous  for  two  days  after 
death ;  but  in  one  or  two  observations  on  the  orbital  gland  of  the  cat, 
whilst  the  cells  isolated,  immediately  after  death,  in  5  p.a  NaCl  were 
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densely  granular  throughout,  the  cells  isolated  two  days  after  death 
varied  widely  in  granularity,  some  of  them  containing  three  or  four 
granules  only,  scattered  in  the  transparent  mass  of  the  cell ;  these  cells 
though  less  angular  than  those  in  which  the  granules  were  preserved 
were  not  much  swollen,  but  their  outline  was  doubly  contoured, 
differing  thus  from  the  cells  in  which  the  granules  were  for  the  most 
part  unaltered  (cf.  Fig.  6  {e)). 

The  nuclei  in  sodium  chloride  *6  to  5  p.a  are  the  less  obvious  the 
fresher  the  specimen.  They  are  more  distinct  in  the  demilune  and 
duct  cells  than  in  the  mucous  cells.  They  are  all  spherical,  very  trans- 
parent, and  may  show  one  or  more  nucleoli ;  this  is  constantly  the  case 
when  the  gland  has  been  left  in  the  body  some  time  before  being 
examined.  Solutions  of  sodium  chloride  containing  more  than  2  p.c.  of 
the  salt  cause  the  nuclei  to  swell  up ;  the  extent  of  this  swelling  varies 
considerably  in  different  glands. 

Demilune  cells  isolated  in  salt  solution  are  more  or  less  distinctly 
granular,  the  granules  being  one-half  to  one-third  the  size  of  those  iu 
the  mucous  cells  (Fig.  6  (c)).  The  cells  are  usually  in  groups  of  two  or 
more,  the  ccU-oullincs  are  very  indistinct  and  ollcn  not  visible,  thoy 
may  however  be  brought  out  by  adding  acetic  acid  and  ferrocyauide 
of  potassium  and  by  various  other  reagents.  Bi-  and  multi-nuclear 
demilune  cells  I  have  not  seen.  The  demilune  cells  in  the  alveoli  are 
often  made  by  salt  solutions  more  refractive  and  nearly  homogeneous  in 
appearance. 

The  duct  cells  become  in  6  p.c.  sodium  chloride  more  distinctly 
granular,  the  granules  extending  to  within  a  short  distance  of  the  fi-ee 
border  of  the  cells. 

The  sub-maxillary  gland  of  the  cat  differs  slightly  from  the  mucous 
glands  of  the  dog.  It  does  not  as  a  rule  show  a  bleb  of  mucin,  as  the 
contei]ts  of  the  alveoli  pour  out  into  the  salt  solution ;  this  is  no  doubt 
in  part  due  to  the  amount  of  mucous  relatively  to  proteid  matter  being 
less  in  the  ghind  cells  of  the  cat  than  in  those  of  the  dog;  it  n)ay  also 
be  in  part  due  to  a  slight  difference  in  the  character  of  the  mucin;  such 
that  in  the  sub-maxillary  gland  of  the  cat,  it  is  less  apt  to  form  a  ropy 
mass.  A  piece  of  the  sub-maxillary  gland  of  the  cat  mounted  in  salt 
solution  shows  a  distinction  between  demilunes  and  mucous  cells 
less  cle«arly  than  the  nmcous  glands  of  the  dog  in  like  condition. 

Effect  of  sodium  carbonate.  Most  of  what  has  been  said  above  as  to 
the  effect  of  sodium  chloride  holds  also  for  sodium  carbonate.  In 
sodium  carbonate  solutions,  however,  the  swollen  mucous  substance  has 
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a  larger  volume  than  it  has  in  solutions  of  sodium  chloride.  So  ivhen  a 
piece  of  gland  is  chopped  up  in  sodium  carbonate  sohition,  the  ropy 
mass  obtained  is  of  greater  bulk  than  when  sodium  chloride  is  used. 

Tfa  small  |)ioai  of  fresh  gland  is  irrigated  with  at  I  to  3  p.c.  sodium 
carbonate  some  of  the  cells  burst  and  their  contents  are  poured  into  the 
surrounding  fluid.  The  clear  bwoUen  mucous  substance  can  then  bo 
faintly  seen  in  the  neighbourhood  of  the  alveoli ;  as  it  spreads  out  into 
the  fluid  it  can  no  longer  be  seen,  although  the  granules  remain 
obvious. 

In  sodium  carbonate  solutions  '5  to  2  p.c.  the  granules  swell  up 
more  than  they  do  in  sodium  chloride  solutions  of  the  same  strength. 
The  granules  remain  unaltered  for  a  considerable  time ;  thus  when  a 
piece  of  gland  is  chopped  up  in  so  dilute  a  solution  as  '2  p.c.  Na^CO,, 
provided  not  too  much  fluid  is  t-aken,  the  cells  may  show  granules  for  a 
day  or  oven  for  two  days ;  the  greater  the  quantity  of  fluid  and  the 
more  finely  the  piece  of  gland  is  chopped  up,  the  more  quickly  the 
granules  disappear. 

Other  salts  of  the  alkalies  and  salts  of  the  alkaline  earths  in  general 
a(Tcct  the  granides,  as  do  sodium  chloride  and  carbonate. 

Nature  of  tlie  granules.  As  the  granules  form  much  the  greater 
part  of  the  mucous  cells  it  is  clear  they  must  be  mucous  in  nature. 
And  this  ni:iy  bo  sliown  in  tiie  following  amongst  other  ways.  A  small 
piece  of  gland  is  hardened  in  absolute  alcohol,  and  a  section  prepared 
free  haml,  the  razor  being  moistened  with  strong  alcohol ;  the  section 
when  mounted  in  strong  alcohol  shows  dark  shrunken  granules  filling 
up  the  cells  and  forming  the  conspicuous  feature  of  the  section.  In 
successful  preparations  the  number  of  granules  from  lumen  to  basement 
membrane  is  9  to  12,  as  in  the  fresh  gland.  On  slowly  irrigating  the 
specimen  with  alcohol  about  70  p.c.  the  granules  swell  up  and  become 
more  spherical,  rescuibliug  then  closely  the  grsinules  seen  in  a  piece  of 
fresh  gland  mounted  in  2  to  5  p.c.  salt  solution.  On  irrigating  with 
alcohol  a  little  more  dilute,  the  granules  suddenly  swell  and  form  the 
transparent  mass  typical  of  mucous  cells  which  have  been  hardened  in 
alcohol  and  mounted  in  glycerine.  At  the  same  time  the  cell-outlines 
and  a  wide-meshed  cell-network  become  distinct.  The  change  is  more 
nipid  and  greater  if  water  instead  of  dilute  alcohol  is  added.  On 
replacing  the  dilut.e  with  absolute  alcohol  the  cells  return  more  or  less 
to  their  original  appearance.  There  is,  however,  great  variation  in  this 
respect,  the  variation  depending  on  the  extent  to  which  the  granules  on 
swelling   up  stick  together.     And  this  is  probably  the  explanation  of 
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the  absence  of  granules  in  glands  hardened  in  absolute  alcohol,  stained 
with  aqueous  or  dilute  alcoholic  solutions  and  mounted  in  Canada 
balsam,  in  the  manner  adopted  by  Heidenhain  and  by  Lavdowsky. 
At  any  rate,  as  I  shall  show  in  speaking  more  in  detail  of  the  hard^HUNl 
glands,  the  mucous  granules  can  be  preserved  and  deeply  stained  in 
sections  of  a  gland  hardened  in  absolute  alcohol ;  and  remain  distinct 
on  mounting  the  section  in  Canada  balsam. 

It  follows  from  what  has  been  said,  that  when  a  piece  of  gland  is 
treated  with  not  too  dilute  salt  solution,  part  of  the  mucin  of 
the  gland  either  dissolves  or  forms  a  continuous  ropy  mass,  and 
part  remains  as  mucin  granules. 

The  mucin  which  swells  up  might  arise  (a)  from  a  more 
soluble  form  of  mucin  existing  around  the  granules,  (b)  from  a 
solution  of  some  of  the  granules  In  the  latter  case  the  cause  of 
the  solution  might  be  either  that  some  of  the  granules  are  more  soluble 
than  the  rest,  or  that  on  adiling  salt  solution  the  fluid  first  taken  up  by 
the  cell  is  sufficiently  diluted  by  lymph  to  cause  a  solution  of  a  few  of 
the  granules.  The  latter  is  unlikely,  since  in  serum  the  granules  are 
only  slowly  dissolved  (cf.  p.  451),  but  the  discussion  of  those  ]>oint8 
must  be  deferred  until  we  have  considered  the  appearance  presented  by 
the  hardened  gland. 

General  points  of  heluiviour  of  Mucous  Cells  with  reagents. 

In  order  to  observe  the  eflTect  of  reagents  upon  the  various  consti- 
tuents of  the  gland  cells,  I  have  either  irrigated  with  the  reagent  a 
specimen  teased  without  fluid  or  teased  in  '6  to  5  p.c.  sodium  chloride 
solution,  or  I  have  teased  a  small  piece  of  the  gland  direct  in  the 
reagent. 

Before  giving  a  detailed  account  of  the  action  of  reagents,  other 
than  those  already  given,  upon  the  various  constituents  of  the  cells  of 
mucous  glands  it  will  be  convenient  to  mention  some  commonly 
recurring  points  in  the  behaviour  of  the  mucous  cells.  When  a  piece  of 
mucous  gland  is  teased  out  in  salt  solution  1  to  5  p.c.,  so  that  isolated 
cells  and  granules  are  obtained,  and  the  specimen  is  irrigated  with 
water,  alkalies,  mineral  acids,  acetic  acid,  or  with  a  number  of  other 
reagents,  the  mucous  granules  disappear  and  a  network  comes  out  more 
or  less  distinctly  in  the  cells.  The  more  isolated  granules  burst  like 
bubbles  (cf.  p.  437) ;  when  one  of  the  row  of  granules  thus  bursts,  the 
others  are  forcibly  thrust  asimdcr;  on  slowly  irrigating  with  not  too 
strong  solutions,   the  granules   first  swell   up  and   become   pale;   on 
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irrigatiug  more  rapidly  the  granules  swell  suddenly,  buratiug  almost 
immediately  afterwards,  or  they  may  burst  without  any  previous 
swelling  being  visible.  Where  the  granules  are  closely  packed  together, 
as  in  the  colls  and  in  the  mass  of  broken-down  colls  streaming  out  of 
the  gland,  some  only  of  the  granules,  except  on  inigatiou  with  alkalies, 
are  seen  to  burst ;  the  others  swell,  become  pale  and  are-  lost  to  view, 
— apparently  as  they  swell  they  coalesce  with  one  another  or  with 
already  swollen  mucin. 

The  granules,  even  when  they  burst,  never  give  rise  to  a  vacuole  in 
the  cell.  When  they  have  disappeared  they  cannot  bo  rendered 
obvious  again  by  irrigating  with  strong  salt  solution. 

An  isolated  mucous  cell  on  irrigation  with  one  of  the  above- 
mentioned  reagents  swells  up,  becoming  pear-shaped  or  globular.  The 
swelling  of  the  cell  is  caused  in  the  main  if  not  entirely  by  the  swelling 
of  its  granules;  these  run  together,  forming  a  continuous  mass  except 
for  the  proteid  network  in  it.  With  some  other  reagents,  for  instance 
with  GO  p.c.  alcohol,  the  fusion  of  the  granules  is  less  complete.  On 
treatment  with  reagents,  such  as  absolute  alcohol,  which  causes  mucin 
to  shrink,  the  cell  may  then  shrink  as  a  whole,  or  it  may  shrink  with 
some  of  the  granules  or  clumps  of  granules  in  it,  shrinking  separately 
and  so  forming  spaces  in  the  cell.  As  the  granules  disappear  from  the 
colls  a  network  comes  into  view,  and  the  cell-outlines  become  sharply 
contoured.  In  the  isolated  cells  the  network  has  wido  meshes,  the 
number  of  meshes  being  as  a  rule  4  to  6  in  the  length  of  the  cell  (Fig. 
5  (&)) ;  the  meshes  are  not  quite  equal  in  size,  and  the  fineness  of  the 
fibres  and  the  size  of  the  nodal  points  varies  slightly  with- the  strength 
and  nature  of  the  reagent.  In  cells  which  are  not  isolated,  the  meshes 
of  the  network  are  generally  smaller  and  less  distinct,  there  may  be  9  to 
12  in  the  length  of  the  cell. 

Fig.  5  (6)  shows  the  changes  produced  in  the  isolated  mucous  cells, 
Fig.  5  (a)  by  the  addition  of  1  p.c.  hydrochloric  acid.  A  similar 
change  is  produced  by  many  other  reagents;  we  may  mention  here 
acetic  acid  to  which  a  little  ferrocyanide  of  potassium  has  been  added 
as  showing  that  the  network  does  not  contain  any  mucous  substance 
and  is  in  conse<iuence  diflfbrent  from  the  network  described  by  Schi- 
efferdecker  and  by  List  in  the  analogous  cells  of  certain  mucous 
membranes.  A  wide-meshed  network  in  mucous  cells  was  first  de- 
scribed by  Lavdowsky,  a  fine-meshed  network  in  them  was  firat 
described  by  Klein.  I  shall  consider  their  relations  more  fully  later  in 
dealing  with  the  appearances  shown  by  the  cells  after  hardening. 
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The  outlino  of  the  cells  on  irrigation  with  dilute  acids,  is  in  optical 
section  more  or  less  obviously  beaded  (Fig.  5  (6)  and  Fig.  7  (a)) ;  there 
are  usually  twelve  to  fifteen  sroall  swelliugs  in  the  length  of  the  cell,  in 
some  cases  the  outline  of  the  cell  appears  to  be  discontinuous  in  optical 
section,  the  limiting  layer  of  the  cell  looking  as  if  it  were  a  perforated 
membrane.  Similar  small  swellings  have  been  mentioned  by  Schief- 
ferdecker  as  occurring  in  cells  treated  with  Muller's  fluid.  Now  and 
then,  and  especially  after  treatment  with  chloral  hydrate,  the  beading 
can  be  followed  into  a  small-meshed  network  in  the  limiting  layer 
of  the  cell  (Fig.  7  (6)).     The  nature  of  this  I  shall  consider  Later. 

Alkalies.  When  a  toased-out  specimen  of  a  fresh  gland,  either  with 
or  without  the  iuldition  oF  KtMrniui  chlorido,  is  irrigsUcd  with  dilnU) 
ammonium,  sodium  or  potassium  hydrate,  the  isolated  granules  in- 
stantaneously disappear  like  bubbles  bursting ;  soon  they  disappear  in 
the  same  manner  from  the  cells,  though  without  any  formation  of 
vacuoles  and  the  whole  specimen  becomes  transparent,  the  fat  globules 
stand  out  conspicuously.  A  piece  of  gland  teased  out  in  one  of  these 
fluids  is,  as  is  well  known,  changed  intx)  a  ropy  mass. 

Water,  when  added  slowly  to  a  specimen  teased  out  in  salt 
solution,  causes  the  granules  to  swell  up  considerably.  The  outlines  of 
some  of  the  granules  becomes  fainter  and  fainter,  until  they  are  no 
longer  seen.  The  swollen  pale  granules  can  for  a  time  be  again 
rendered  very  distinct  by  adding  5  p.c.  salt  solution. 

On  rapidly  irrigating  a  teased-out  specimen  the  granules  swell  up  or 
burst  as  they  do  with  alkalies. 

Tu  my  preliminary  acconiit  (Proc.  Noynl  Soc.  Vol.  -10,  p.  3G2,  188(5)  T  siiid 
tliat  after  irrigating  a  piece  of  gland  with  water  or  with  dilute  niinend 
acids — pale,  very  slightly  refractive  masses  could  be  seen,  consisting  apparently 
of  swollen  gmnules.  The  persistence  of  the  granules  in  this  cnse  was,  I  find, 
duo  to  the  slow  difTiision  of  the  fluid  thruugli  the  mucous  nuiss  ^surrounding 
them. 

As  the  mucous  granules  disappear,  small  pale  irregularly  shaped 
.  granules  and  granular  clumps  become  visible.  These  are  the  broken-up 
fragments  of  the  proteid  portion  of  the  cells. 

The  isolated  mucous  cells  on  irrigation  with  water  swell  up,  the 
granules  in  them  become  pale  and  indistinct,  and  may  occasionally  be 
scon  to  burst ;  the  cell-outline  becomes  fairly  sharp  and  a  wide-meshed 
network  becomes  more  or  less  obvious.  The  cell-outline  and  network 
is,  however,  much  less  distinct  than  after  addition  of  acid.s. 

A  piece  of  gland  teased  out  in  water  becomes  a  jelly-like  clump, 
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less  readily  the  more  proteid  subBtance  there  is  iD  the  cells.  When  the 
cliiin])  is  exainiiiod  under  the  microscope,  the  cells  are  swollen,  without 
distinct  network  iiR  a  rule,  and  with  moderately  distinct  cell  outlines. 
No  mucous  granules  are  seen;  in  the  transparent  jelly-mass  are  pale, 
irregularly  gmnular  particles,  resulting  from  the  breaking-up  of  the 
limiting  layer  of  the  cell  and  of  the  cell-network. 

The  granules  of  the  duct  cells  become  larger  and  much  paler,  so 
that  the  ducts  often  look  densely  vacuolated,  the  cell-substance  between 
tlic  a])parent  vacuoles  becomes  very  distinct  (Fig.  8  (c)). 

In  water  the  nuclei  of  the  mucous  cells  may  be  either  disc-shape<l, 
homogeneous  and  refractive,  or  spherical,  pale,  with  one  or  more 
nucleoli ;  in  the  latter  case  they  are  made  more  obvious  by  irrigating 
with  an  aqueous  solution  of  congo-red. 

Hydrochloric  acid.  When  a  specimen  teased  out  in  salt  solution  is 
imgated  with  hydrochloric  acid  *2  to  1  p.c.  the  effect  is  much  like  that 
of  irrigating  with  water.  The  chief  differences  are  that  the  limiting 
layer  of  the  cell,  the  cell  network  and  scattered  proteid  particles  are 
more  distinct,  and  that  a  membranous  looking  precipitate  of  mucin 
t;tkcs  place.  On  further  irrigation  or  with  stronger  acid  the  membra- 
nous precipitate  again  swells  up.  On  irrigating  with  UCl  '01  p.c.  all 
the  cells,  and  especially  those  of  the  ducts,  become  cloudy. 

A  i)ioco  of  gland  teased-o\it  in  hydrochloric  acid  does  not  form  a 
swollen  jelly-mass  as  it  does  in  Avater,  but  on  examining  it  under  the 
microscope  it  is  seen  that  many  of  the  cells  have  burst  and  that 
their  contents  form  a  membranous  mass  on  the  outside  of  the  speci- 
men. 

The  scattered  proteid  particles  spoken  of  above  stain  deeply  with 
methylene  blue  and  with  i^iost  other  colouring  matters.  A  not  incon- 
siderable number  of  them  are  spherical ;  in  isolated  cells — especially  of 
the  orbitjil  gland  of  the  dog  treated  with  hydrochloric  acid — similar 
small  proteid  granules  are  seen  attached  to  or  forming  part  of  the 
network  (Figs.  6  (d),  7  (a)).  The  nuclei  of  the  mucous  cells,  spherical  in 
5  p.c.  salt  solution,  shrink  on  adding  dilute  hydrochloric  acid.  Hydro- 
chloric acid  and  nearly  all  reagents  (except  alkalies)  which  cause  the 
mucous  cells  to  swell,  make  the  demilunes  very  distinct;  they  become 
irregularly  granular. 

Notwithstiinding  the  very  considerable  swelling  of  mucin  which 
takes  place  in  the  isolated  cells  on  irrigation  with  HCl  1  p.c,  it  is 
remarkable  how  seldom  a  plug  of  mucin  is  seen  to  project  from  the  free 
end  of  tlie  cell.     I  have  only  seen  this  in  the  fresh  gland,  when  a  piece 
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has  been  irrigated  first  with  dilute  ammonia  and  then  with  hydro- 
chloric acid  (cf.  Fig.  6  (c)). 

Nitric  acid.  Irrigation  with  nitric  acid  causes  the  granules  to 
disjippear  from  a  teased  out  frn^fmont  much  less  quickly  th.an  docs 
irrigation  with  hydrochloric  aciil.  The  gninulos  protoctc«l  by  the 
membranous  mass  of  mucin  swell  np  considerably,  but  keep  for  a  time 
a  fairly  distinct  outline.  Even  when  a  piece  of  gland  is  leased  in  5  p.c. 
nitric  acid  some  swollen  granules  may  still  be  seen.  With  strong 
nitric  acid,  the  cells  become  transparent  and  take  a  yellow  tinge. 

Osmic  acid.  On  irrigation  with  osmic  acid  *5  to  2  p.c.  the  granules 
swell  up,  it  may  be  to  twice  their  normal  size,  and  become  difficult  to 
make  out;  if  much  osmic  acid  is  present  they  gradually  distippcar, 
apparently  being  dissolved.  If  the  specimen,  after  addition  of  osmic 
acid,  has  a  small  quantity  of  fluid  only,  and  is  kept  in  a  moist  place,  the 
granules  take  a  brownish  tint  and  remain  for  a  considerable  time  fairly 
obvious.  By  exposing  a  piece  of  freshly  teased-out  gland  to  the  vapour 
of  1  to  2  p.c.  osmic  acid,  the  granules  can  be  kept  almost  indefinitely. 
To  do  this  a  cover-slip  is  put  on  the  specimen  and  well  cemented  at  the 
edges. 

Tn  a  previous  papor  I  described  tln*eo  kinds  of  'granules'  as  issuing  in  a 
freshly  mounted  specimen  from  the  cells  of  the  sub-maxillary  gland  of  the 
cat.  (a)  Granules  which  swell  np,  lose  their  distinctness  of  outline,  and  then 
disap])ear :  these  are  the  mucous  gi*anules  (6)  others  which  with  osmic 
acid  become  pale  granular  clumps;  these  are  the  proteid  portions  of  the 
cells  (c)  still  others  which  stain  deeply  with  osmic  Hcid :  these  are  fatty 
globules,  OB  mentioned  by  Lavdowsky,  they  are  not  infrc<]uently  found 
in  mucous  glands. 

Cells  or  groups  of  cells  which  have  been  separated  during  teasing, 
become  pale  and  swell  up  somewhat  on  irrigation  with  osmic  acid, 
their  outlines  become  very  obvious  and  are  usually  beaded;  in  the 
cells  an  indistinct  wide-meshed  network  becomes  visible.  Tlie  cell 
network  with  osmic  acid  as  with  other  acids  is  much  more  distinct 
if  the  specimen  before  irrigation  has  been  teased  in  5  p.c.  NaCl,  than 
if  it  has  been  teased  without  the  addition  of  fluid. 

Osmic  add  and  saliva^  In  connection  with  the  solution  of  the 
granules  by  osmic  acid,  I  may  mention  the  effect  of  osmic  acid  on 
saliva.  When  the  sub-maxillary  saliva  of  the  dog  is  allowed  to  rini 
into  1  to  2  vols,  of  1  to  2  p.c.  osmic  acid,  it  forms  at  fii*st  a  viscid  or 
ropy  mass ;  if  the  saliva  is  very  thick  it  turns  as  it  falls  into  the  osmic 
acid  into  a  firmish  jolly.     In  a  few  hours,  the  time  dependhig  upon  the 
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viacidity  of  the  saliva,  the  ropy  or  jelly  moss  breaks  up  oii  sbakiug  into 
flocks,  anil  the  fluid  is  litnpid;  later  the  flocks  disappear,  the  limpid 
fluid  takes  a  yellow-brown  tinge,  gradually  turning  to  black. 

Acetic  add  and  s(dL  When  a  piece  of  gland  is  mounted  in  5  p.c. 
soiliuui  chh)ride  solution  and  irrigated  with  acetic  acid  of  any  strength 
the  granules  swell  up  and  disappear,  as  they  do  with  alkalies,  water  and 
mineral  acids.  The  acetic  acid  causes  the  formation  of  a  jelly-like  mass 
of  mucin,  looking  as  it  shrinks  further,  on  further  irrigation,  more  and 
more  as  a  membrane.  In  tins  are  seen  small  clumps  of  pale  irregu- 
larly .shaped  granules.  The  hiU,er  are  in  the  main  proteid  particles  of 
the  cells  which  have  been  partly  dissolved,  partly  swollen  up  by  the 
Bale  solution.  It  is  possible  that  they  may  in  part  be  mucin  precipi- 
tated in  a  granular  form.  On  irrigation  with  dilute  acetic  acid,  as  1  p.c, 
there  is  an  interval  between  the  disappearance  of  the  mucous  granules 
.and  the  appearance  of  the  irregularly  granular  clumps  spoken  of  above. 
The  amount  of  the  granular  precipitate  is  roughly  inversely  as  the 
amount  of  the  membranous  precipitate.  In  the  sub-maxillary  gland 
of  the  cat  the  membranous  precipitate  may  be  chiefly  represented 
by  fliamentous  fragments,  whilst  the  granular  precipitate  is  copious- 
In  the  orbital  gland  of  the  dog  the  granular  precipitate  is  slight  The 
granular  precipitate  has  sharper  outline  in  10  to  20  p.c.  acetic  acid  than 
in  the  more  dilute  Jicid.  The  mucous  cells  on  irrigation  with  acetic 
acid  and  sjilt  swell  up,  and  show  a  distinct  network,  the  nuclei  are 
mode  more  distinct;  they  shrink  with  strong  acetic  acid,  but  little, 
or  not  at  all,  with  weak  acetic  acid. 

Solvbility  of  mucin  in  acetic  acid  plus  sodium  cJdoride.  The  bursting 
of  the  granules  in  acetic  acid  requires  a  word  of  explanation.  It  is  well 
known  that  the  addition  of  sodium  chloride  to  a  solution  of  mucin 
delays  the  precipitation  of  mucin  by  acetic  acid,  so  that  a  certain  excess 
of  luiid  can  bo  mhled  before  precipitation  occui*s.  This  has  been  men- 
tioned by  Landwehr  and  by  other  observers.  Mucin  obtained  from 
different  sources  behaves  somewhat  differently  in  this  respect.  Thus, 
according  to  Hammarsten^  a  solution  of  the  foot-mucin  of  the  snail  in 
the  presence  of  about  J  volume  of  a  saturated  solution  of  sodium 
chloride  is  precipitated  by  acetic  acid  when  it  is  very  nearly  neutral- 
ized, whilst  the  mantel-mucin  of  the  snail  (op.  cit.  p.  373)  and  the  mucin 
of  the  sub-maxillary  gland  of  the  ox*  can  in  similar  conditions  be  made 
fairly  strongly  acid  without  a  precipitate  forming. 

1  HammarBten,  Pflilger's  Archiv,  Bd.  3G,  p.  424, 1885. 
aHammarsten,  Zeitxchnftf,  phijrioL  Chemie,  Bd.  12,  p.  194,  1888. 
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I  find  tbat  the  mucin  of  the  saliva  of  the  sub-maxillary  gland  of  the 
dog  in  the  preacnco  of  a  certain  amount  of  sodium  chloride  is  not 
precipitated  by  a  large  excess  of  acetic  acid.  Thus  if  to  a  few  c.c.  of 
saliva  a  little  saturated  solution  of  sodium  chloride  is  added,  the 
addition  of  an  equal  volume  of  melted  glacial  acetic  does  not  precipitate 
the  mucin,  indeed  it  sometimes  appears  as  if  glacial  acetic  acid  only 
precipitates  the  mucin  when  it  also  begins  to  precipitate  the  sodium 
chloride.  Further,  when  a  precipitate  is  produced  in  saliva  by  adding  a 
little  acetic  acid,  the  granular  and  fiocky  part  of  the  precipitate  in- 
stantly disappears  on  adding  a  drop  or  two  of  strong  salt  solution,  the 
jelly  part  of  the  precipitate  swells  up,  becomes  transparent,  and  more 
slowly  dissolves.  The  addition  of  lai'ge  excess  of  strong  acetic  acid  is 
then  without  effect.  Hence  the  bursting  of  the  mucin  granules  of  the 
gland  by  acetic  acid  in  the  presence  of  salt  solution  is  not  sur- 
prising. 

Acetic  acid.  A  greater  or  less  number  of  mucous  granules  swell  up 
and  burst  when  a  fragment  of  gland  to  which  no  salt  solution  has  been 
added  is  irrigated  with  acetic  iicid.  This  is  best  seen  in  the  orbital 
gland  of  the  dog.  A  small  piece  is  mounted  and  sliglitly  pressed,  and  a 
portion  of  the  edge  watched  whore  tlio  colls  have  burat  and  pourc<l  out 
their  contents ;  as  soon  as  the  acetic  acid — 1  p.c.  to  nearly  concentrated — 
reaches  this,  a  number  of  granules  burst,  others  become  pale,  apparently 
running  together,  and  the  whole  is  turned  into  a  membranous  mass, 
having  in  it  small  irregularly  granular  fragments  of  the  proteid  portions 
of  the  cell. 

Hence,  then,  with  acetic  acid  the  isolated  granules  and  clumps  of 
granules  may  either  burst,  i.e.  in  this  case,  swell  up  largely  and  run 
together  to  form  a  ropy  mass\  which  is  later  precipitated  as  membranous 
mucin;  or  swelling  somewhat  at  first  may  later  shrink  into  irregular 
granules  or  irregular  granular  masses. 

In  the  cells  the  granules  swell  up,  nin  together  and  form  a  clear 
mass,  in  which  a  proteid  network  is  not  very  distinctly  scon.  The 
primary  swelling  of  the  mucous  granules  with  acetic  acid  is  probably 
due  to  their  containing  a  certain  amount  of  salt  or  alkali;  as  this  is 
washed  out,  the  mucin  shrinks. 

On  irrigating  a  specimen  with  dilute  acetic  acid,  as  0*1  p.c,  a 
number  of  granules  usually  take  a  more  oily  look  and  have  a  greater 

I  In  my  proliminary  account  I  stated  that  the  granules  were  shrunken  on  irrigating  a 
teased  out  specimen  with  acetic  acid  or  wit)i  alcohol.  I  had,  at  that  time,  only  observed 
the  effect  of  strong  acetic  acid  and  of  95  p.c.  alcohol. 
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tondency  to  stick  together.  This  also  occurs  in  the  more  central  parts 
of  the  specimen  on  irrigating  with  stronger  acetic  acid.  The  granules 
then  resemble  the  spheres  which  are  seen  in  viscid  saliva  on  treatment 
with  dilute  acetic  acid,  but  unlike  these,  they  become  pale  on  addition 
of  stronger  acetic  acid.  With  acetic  acid  '1  p.c.  or  weaker,  all  the  cells 
become  cloudy,  the  ducts  more  so  than  the  alveolar  cells. 

When  a  piece  of  gland  is  teased-out  in  5  to  20  p.c.  acetic  acid  and 
mounted,  a  variable  amount  of  mucin  film  is  seen  around  the  frag- 
ments of  the  gland;  the  gland  cells  have  a  ground-glass  look,  tlicy 
barely  show  the  cell-uofcwork  and  not  very  distinctly  the  cell-outlint'.s 
and  nuclei  If  the  specimen  be  irrigated  with  5  p.a  salt  solution,  the 
membrane  and  the  cells  swell,  the  network  and  cell-outlines  become 
distinct  and  the  demilune  cells  become  obvious,  being  then  more 
refractive  than  the  mucous  cells.  The  addition  of  glacial  acetic  acid 
makes  all  the  cells  very  transparent — the  ducts  being  the  iirst  to 
become  so — and  beyond  faint  cell-outlines  and  sharply  marked  fat 
globules,  little  is  seen ;  all  the  cells  are  considerably  shrunken. 

When  a  piece  of  gland  is  teased-out  without  addition  of  fluid,  and 
then  flooded  with  strong  acetic  acid,  the  membranous  mass  of  mucin 
around  the  alveoli  is  crowded  with  faintly  showing  granules,  spherical  or 
irregular,  these  are  chiefly  the  mucous  granules  fixed  in  situ. 

Acetic  (tcid  and  fenvcyaiiide  of  poUusniuvL  When  a  drop  of  fcrro- 
cyanide  of  potassium  is  added  to  a  little,  5  to  20  p.c,  acetic  acid,  and 
the  mixture  added  to  a  teased-out  fragment  of  gland,  the  isolated 
granules  swell  up  and  dissolve,  the  cells  swell  up,  become  transparent 
and  show  very  distinctly  the  cell-outline  and  a  wide  meshed  network. 

Alcohol.  Alcohol  up  to  about  70  p.c.  causes  the  isolated  granules 
to  swell  up  and  disappear ;  in  the  cells  the  granules  swell  up  and  run 
together. 

When  a  small  piece  of  gland  is  placed  in  30  to  50  p.c.  alcohol  it 
becomes  surrounded  by  a  ropy  mass,  but  for  a  day  a  fragment  of  the 
gland  teased-out  in  5  p.a  salt  solution  may  still  show  granules. 

If  a  piece  of  gland  be  teased-out  and  then  flooded  with  80  p.a 
absolute  alcohol  the  isolated  granules  are  shrunken,  irregular,  refractive; 
ill  the  cells  the  granules  shrink,  often  leaving  spaces  in  the  cells. 
When  the  granules  in  consequence  of  previous  treatment,  or  in  con- 
sequence of  the  slow  penetration  of  the  alcohol,  have  swollen  up  before 
shrinking,  they  may  in  shrinking  remain  connected  by  filaments,  or 
they  juay  shrink  in  groups. 

Meixuric  chloiide.     When  a  piece  of  gland  is  teased-out  in  5  p.c. 
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sodium  chloride  and  irrigated  with  a  saturated  aqueous  solution  of 
mercuric  chloride,  there  is  at  first  no  change ;  later,  as  the  sodium  chloride 
becomes  washed  out,  the  isolated  granules  burst,  a  membranous  pre- 
cipitate is  formed,  the  cells  swell  up,  become  transparent  and  show  a 
network  with  a  variable  number  of  meshes.  Much  the  same  change  is 
produced  by  1  p.c.  silver  nitrate,  1  p.c.  gold  chloride;  a  saturated 
a(iueous  solution  of  picric  acid  causes  tlie  colls  to  swell  more ;  chromic 
acid  1  p.c.  causes  them  to  swell  less. 

Chloral  hydrate  2  to  6  p.c.  Irrigated  with  this,  the  mucous  granules 
swell  up  and  become  very  pale;  the  cells  swell  and  the  granules  in 
them  cannot  be  distinguished.  This  fluid  is  commonly  used  for 
obtiiining  isolated  cells;  when  a  small  piece  of  gland  is  phiqod  in  it  the 
outermost  cells  burst,  and  their  contents  fonu  a  ropy  msisa  IMiis 
remains  for  several  days,  but  is  gradually  changed  into  an  irregular 
granular  deposit.  Isolated  cells  are  best  obtained  in  about  three  days ; 
the  cells  are  then  much  swollen,  most  show  with  greater  or  less 
distinctness  a  wide-meshed  network  in  their  interior  (Fig.  7  (a));  it  may 
be  made  still  more  distinct  by  irrigating  the  specimen  with  *1  p.a 
oamic  acid  ;  sometimes  the  moshcs  near  the  nucleus  are  smaller  and  the 
bars  of  the  network  thicker  than  elsewhere.  In  some  of  the  mucous  cells — 
generally  those  in  which  the  mucin  is  most  swollen,  and  the  inner  net- 
work indistinct — there  is  a  very  marked  fine-meshed  network  in  the 
limiting  layer  of  the  cell  (Fig.  7  (J))) ;  the  meshes  vary  somewhat  in 
size ;  they  are  usually  five  or  six  sided.  In  such  cells  the  limiting  layer 
of  the  cell,  apart  from  the  network,  is  extremely  faint ;  here  .and  thcix) 
fibres  run  from  this  network  to  the  wide-meshed  internal  network.  I 
use  the  phrsiso  network  in  the  limiting  layer  of  the  cell  simi>ly  as 
descriptive  of  the  appearances  under  the  microscope,  I  shall  later  discuss 
whether  it  really  is  a  network,  or  whether  it  consists  of  ridges  on  the 
limiting  layer  caused  by  the  pressure  exercised  by  the  granules  as  they 
swell. 

Speaking  broadly  the  cells  of  the  sub-maxillary  gland  of  the  dog 
swell  less  than  those  of  the  orbital  gland,  and  the  cells  of  the  sub- 
maxillary gland  of  the  cat  less  than  those  of  the  sub-maxillary  gland  of 
the  dog.  Within  limits,  the  less  the  cells  swell  the  less  distinctly  do 
they  show  a  netwoi  k. 

Neutral  ammonium  chrovmte  5  |).c.,  which  is  also  often  used  for 
obtaining  isolated  cells,  causes  less  swelling  of  the  mucous  substance 
than  does  chloral  hydrate.  When  a  piece  of  one  of  the  more  muconrf 
glands,  as   the   orbital   of  the  dog,  is   placed   in  .  neutral   {ii;mmonium 
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chromatc,  a  small  amount  of  ropy  substance  is  at  first  found  around  the 
piece  of  gland,  in  a  day  or  two  this  ropy  mucin  is  converted  into  a 
flocky  precipitate.  The  isolated  cells  show  a  network  less  distinctly 
than  after  treatment  with  chloral  hydrate  ;  the  limiting  layer  is  generally 
beaded.  Some,  especially  from  the  sub-maxillary  gland  of  the  cat,  may 
be  isolated  with  the  angular  form  the  cells  have  normally  in  the 
gland 

Saliva,  When  a  piece  of  gland  is  teased-out  in  saliva  in  which 
nothing  is  to  bo  seen  under  the  microscope,  few  or  no  granules  are  seen 
ill  the  iluid  but  souie  are  still  seen  in  the  cells.  If  thick  viscid  saliva  be 
taken,  the  great  majority  of  the  granules  are  as  distinct  as  if  the  gland 
liad  been  teased  in  NaCl  1  p.c;  some  however  swell  considerably  and 
can  scarcely  be  distinguished,  except  by  addition  of  reagents,  from  the 
*  spheres/  which  as  we  shall  see  later  are  normally  present  in  thick  salivn. 

Illooii  senun  causes  a  slight  swelling  of  the  granules  only,  but 
added  to  the  fresh  gland  makes  them  much  more  distinct  than  they  are 
normally.  The  nuclei  are  genciTilly  made  fairly  distinct  as  pale 
spherical  bodies,  with  one  or  more  nucleoli. 

Staining  of  mucous  granules.  The  staining  power  of  the  granules 
can  of  course  only  be  tried  with  those  staining  agents  which  are  soluble 
in  dilute  salt  solutions.  Methylene-blue  in  a  1  p.c.  NaCl  solution  has 
a  very  variable  elVcct;  in  one  case  only — that  of  the  orbital  gland  of  a 
dog  a  day  after  death — did  the  granules  stain  readily  and  deeply; 
usually  some  of  the  granules  stain  fairly  and  others  very  slightly,  this 
may  perhaps  be  due  to  the  membranous  precipitate  of  mucin  which 
methylene-blue  causes.  Hsematoxylin  and  the  other  reagents  which  I 
have  tried  do  not  stain  the  granules. 

Post-nioi^tem  changes.  If  a  gland  be  allowed  to  stay  in  the  body  for 
a  day  after  death  it  becomes  firmer,  probably  in  consequence  of  a 
coagulation  of  il«  proto[)lasmic  portions;  when  cut  across,  the  exposed 
surface  is  more  viscid  than  it  is  in  a  fresh  gland.  The  mucous  granules 
arc  unaltered  except  that  they  are  rather  more  distinct  in  a  piece  of 
gland  mounted  without  the  addition  of  fluid.  Such  a  gland  has  certain 
advantage  for  examination  over  a  fresh  gland,  for  since  it  is  firmer,  it  is 
easier  to  get  a  thin  section;  moreover  on  tcjusing  out  a  section  in  a 
siiline  solution  sonie  isolated  cells  are  usually  obtained,  whilst  on 
tcjiijing  out  a  fresh  gland,  fragments  of  cells  and  portions  of  alveoli  arc 
obt«ained,  but — in  the  mucous  glands  of  the  dog, — rarely  isolated  cells. 
A  gland  may  be  kept  three  to  four  days,  and  still  the  mucous  granules 
may  be  distinct  on   teasing  out  a  fragment  in  salt  solution;  a  very 
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gradual  alteration,  however,  takes  place  in  them,  such  that  at  first  their 
outlines  become  indistinct,  and  later  they  are  not  to  be  seen  as  granules ; 
moreover  they  may  for  a  time  be  still  obvious  in  strong  salt  solution, 
although  they  are  not  or  are  barely  recognisable  in  dilute  salt  solution. 
The  post-mortem  change  in  the  mucous  granules  consists  then  in  a 
gradual  increase  in  solubility,  or  in  power  of  swelling  up,  in  the  salts  of 
the  alkalies. 

When  a  gland  has  been  kept  for  one  day  to  two  days  in  NaCl  5  pc. 
the  cell-network  and  the  limiting  layer  of  the  cell  are  not  brought  out 
so  distinctly  by  acids.  The  limiting  layer  is  the  first  to  become 
indistinct;  in  this  stage  the  cells  of  the  orbital  gland  not  infrequently 
show  a  network  between  the  peripheral  mculics  of  which  the  clear 
mucous  substance  of  the  cell  bulges  (Fig.  6  (d)).  Even  without  the 
addition  of  salt  solution,  the  gland  being  left  in  the  body,  a  similar 
alteration  takes  place ;  thus  water,  though  briuging  out  fairly  distinctly 
the  network  and  limiting  layer  in  cells  from  a  fresh  gland,  may  fail  to 
do  so  if  the  gland  be  left  in  the  body  for  a  day  after  the  animal  has 
been  killed,  and  proteid  poi'ticlca  still  present  indicate  a  breaking  up  of 
tlio  proteid  ]Kirt  of  the  ccIIh.  Wlion  colls  arc  isolaUMl  in  .stKliuni  clil(iri<lo 
'G  p.c.  from  a  gland  which  has  boon  kept  for  a  day  auil  the  8[)ociiuca 
irrigated  with  water,  it  sometimes  happens  that  the  nuclei  can  be  seen 
to  be  set  free  by  the  breaking-up  of  the  peripheral  part  of  the  cell. 
The  nuclei  are  spherical  and  have  one  large  conspicuous  nucleolus  and 
usually  one  or  more  smaller  nucleoli. 

A  mucous  gland  on  keeping,  changes  in  its  behaviour  to  acetic  acid, 
in  so  far  that  a  piece  of  it  teased-out  in  the  dilute  acid  swells  up  more. 
Thus  it  may  swell  up  into  a  jelly-like  mass  in  5  p.c.  or  even  in  stronger, 
acetic  acid,  although  the  fresh  gland  teased  out  in  1  p.c.  acetic  acid 
would  have  shown  to  the  eye  no  swollen  jelly-like  mucin. 

Mucous  cells  of  the  alimentary  tract  and  of  skin.  The  mucous  cells 
which  occur  in  the  mucous  membranes  and  skin  of  various  animals  have 
of  late  years  received  a  good  deal  of  attention. 

I  propose  to  state  as  briefly  as  possible  the  results  of  my  own 
observations ;  at  some  later  time  I  may  discuss  how  far  these  agree  or 
disagree  with  the  observations  of  others,  especially  with  those  of 
Biedermann,  Schiefferdecker,  List,  Merk  and  Paneth. 

The  cells  of  this  kind  on  which  1  have  made  most  observations  arc 
the  cells  of  the  mucous  membrane  of  the  oesophagus  of  the  frog  and 
salamander,  and  the  epidermal  cells  of  the  earth-worm. 

The  superficial  mucous  cells  of  the  oesophagns  of  the  frog  do  not 
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usually  sliow  in  the  fresh  state  distinct  granules,  nor  are  they  brought 
out  by  irrigation  with  salt  solutions. 

On  the  other  hand  the  mucous  cells  of  the  cesophagus  of  the 
Snlauiander  maculata  do  usually  show  distinct  granules — 15  to  20  in 
the  length  of  the  cell — and  they  are  rendered  more  distinct  by  treat- 
ment with  salt  solutions.  The  salt  solution  causes  the  nuclei  to  swell 
up  enormously.  Reagents  which  bring  out  a  network  in  the  mucous 
cells  of  the  salivary  glands,  do  this  also  in  the  mucous  cells  of  the 
salam.inder,  but  it  is  much  less  obvious  and  its  amount  is  les&  The 
granules  may  with  care  be  preserved  in  osmic  acid  vapour\  and  be 
visible  in  sections  of  the  oesophagus. 

In  the  epidermis  of  the  worm,  both  transparent  goblet  cells'  and 
cells  containing  discrete  granules  of  varying  but  generally  large  size, 
are  present,  in  addition  to  the  ordinary  columnar  cells  with  finely,  and 
indistinctly  granular  cell-substance;  the  larger  granular  cells  are  in 
shape  like  the  goblet  cells  (Claparfede,  Yejdowsky  and  others).  In 
hardened  specimens,  cells  are  here  and  there  seen  like  goblet  cells  except 
that  they  contain  a  few  spheres  like  those  of  the  granular  cells.  A  small 
canal  iu  the  cuticle  leads  from  both  goblet  and  granular  cells  to  the 
surface  of  the  skin.  Apparently  granular  cells  give  rise  to  goblet  cells. 
When  a  worm  is  stimulated  with  inteiTupted  shocks,  it  rapidly  secretes 
Si  inna)U8  substance',  which  by  the  movements  of  the  worm  becomes 
soon  twisted  into  a  white  stringy  mass  around  it;  a  portion  of  this 
when  examined  under  the  microscope  does  not  show  granules  corre- 
sponding with  the  granules  of  the  epidermic  cells,  spoken  of  above. 
The  white  stringy  mucus  does  not  swell  up  in  cold  water,  although  if 
the  worm  be  placed  in  water  and  then  stimulated,  the  mucous  substance 
secreted  forms  a  ropy  mass ;  where  this  is  exposed  to  the  air  a  film  of 
calcium  carbonate  is  de])osiied  owing  to  escape  of  carbonic  acid.  If  the 
substance  secreted  on  stimulating  the  worm  be  removed,  and  the  worm 
placed  in  a  little  water,  subsequent  stimulation  will  give  rise  to  a  fresh 
secretion,  although  very  much  less  than  that  first  obtained.  If  a  worm 
—or  portion  of  a  worm — be  thus  stimulated  at  intervals  during  an  hour 
or  two,  until  little  or  no  secretion  is  obtained,  and  then  be  hardened,  it 

*  I'or  method  cf.  Proc,  Pltysiol.  Soc.,  this  Journal,  Vol.  x.  No.  3, 1889. 

*  The  goblet  cells  do  not  stain  with  reagents  which  stain  the  maooas  cells  of 
mammalian  salivary  glands,  they  show  only  a  smoU  amonnt  of  ccll-substonoe,  which  in 
the  outer  part  of  the  ceU  forms  an  irregular  network. 

'  On  stimulating  a  worm,  a  certain  amount  of  a  slightly  milky  fluid  is  extruded  from 
the  body  cavity  to  the  surface  of  the  skin,  this  is  crowded  with  leucocytes,  contains  a 
ocrioin  number  of  granules  and  oeUs  from  the  layer  around  the  intestine. 
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will  be  seen  that  both  goblot  cells  and  granular  cells  are  much  fewer  in 
number.  From  the  above  mentioned  facts  it  seems  to  me  probable  that 
the  granules  are  turned  out  to  form  the  mucous  substance  and  that 
the  goblet  cells  are  the  more  or  less  emptied  granular  cells,  but  I  have 
not  been  able  to  obtain  completely  satisfactory  proof  of  this ;  the  chief 
difficulty  being  the  behaviour  of  the  granules  to  reagents.  They  arc 
readily  preserved  by  osmic  acid — and  {\s  Miss  Greenwood  has  puutcd 
out  to  me — by  nearly  all  hardening  agents.  In  the  preserved  specimens 
they  all  do  not  behave  with  reagents  as  do  the  mucous  granules  of  the 
mammalian  salivary  glands,  they  are  far  more  stable ;  for  example  after 
treatment  for  an  hour  or  two  with  1  p.c.  osmic  acid  they  do  not 
disappear  on  irrigation  with  1  p.c.  potash. 

I  have  made  a  few  observations  upon  mucous  cells  in  many  other 
positions,  and  it  appears  to  me  that  no  common  account  is  possible 
for  them  all.  I  am  inclined  to  think  that  the  most  general  description 
applicable  to  them  is,  that  originally  protoplasmic  cells  containing 
small  protcid  granules  form  spheres  of  mucous  substance,  these  may 
occupy  nearly  the  whole  of  the  cell  or  leave  free  a  basal  |)ortiou,  1'ho 
fiphorea  difT(^r  in  their  chomiwil  clmrartors,  so  that  they  may  be  more 
refractive  than  the  cell-substance,  or  become  so  on  treatment  with  salt 
solutions,  or  they  may  be  of  the  same  or  nearly  the  same  refractive 
index  as  the  cell-substance  and  remain  so  on  ti'e^itment  with  salt 
solutions.  In  some  cases  the  mucous  spheres  increase  at  the  expense  of 
the  finely  granular  protoplasm  and  run  together,  so  that  the  protoplasm 
is  then  present  as  a  network  ninning  through  the  mass  of  mucin.  Tiie 
amount  of  protoplasm  left  as  a  network  varies  in  different  cases,  and 
it  may  be  nearly,  and  possibly  entirely,  absent  from  the  lumiuar 
portion  of  the  cells.  In  other  cases  the  spheres  increase  at  the  expense 
of  the  cell-substance,  without  running  together,  so  that  they  are 
separated  from  one  another  for  the  most  part  by  fluid  and  not  by  cell- 
substance. 

Previoxis  observations  on  Mucous  Oranules. 

Heidenhain'  in  1868  described  the  appearance  of  the  fresh  dog's 
sub-maxillary  gland  when  teased-out  in  indifferent  fluids.  The  cells 
were  not  distinctly  separable  from  one  another,  they  contaiuod  strongly 
refractive  granules  and  vacuoles,  and   often  large   clear  drops.     In  a 

^  8tv4ien  des  physioL  Institute  zu  Breilau,  p.  11. 
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more  recent  general  account  of  mucous  glands  (1880),  Iloidenhaiu' 
speaks  of  the  cells  as  being  crowded  with  sharply  contoured  vacuole- 
like  bodies.  Ueidenhain  does  not  however  discuss  the  nature  of  these 
bodies. 

Lavdowsky"  describes  the  mucous  cells  of  the  fresh  gland  as  being 
coarsely  granular  and  the  demilune  cells  as  being  finely  granular,  but  it 
is  doubtful  how  much  weight  is  to  be  attached  to  this  description,  since 
Lavdowsky  speaks  (op.  ciL  p.  21)7)  of  the  granules  seen  in  mucous 
cells  .after  treatment  with  neutral  ammonium  chromate  5  p.c.  as  being 
the  same  as  those  seen  in  the  fresh  gland. 

In  1879  I'  described  the  granules  of  the  fresh  sub-maxillary  gland 
of  the  cat  and  dog,  and  their  disappearance  from  the  outer  region  of  the 
cells  during  secretion,  and  pointed  out  that  they  were  probably  homolo- 
gous with  the  granules  of  the  albuminous  salivary  glands;  and  in 
I8»S(I  I  i^ave  a  brief  jwMtoiinL*  ofH^jnie  of  tlio  chief  points  of  tliis  j>api^r. 

There  have  been  also  a  few  observations  on  mucous  cell  granules  in 
ghinds  other  than  salivary  glands. 

In  the  mucous  cells  of  the  cesophageal  glands  of  the  frog  distinct 
granules,  forming  an  inner  zone  during  secretion,  were  observed  by 
Sewall  and  myself*  in  1879.  The  granules  were  not  distinguishable 
from  granules  of  the  pepsin-producing  cells,  until  after  the  addition  of 
reagcnte. 

In  1882  Biedermann^  gave  an  account  of  the  mucous  glands  of 
the  tongue  of  the  frog.  The  cells  during  rest  were  crowded  with 
conspicuous  granules,  and  these  disappeared  from  the  basal  part  of  the 
cell  during  secretion.  Later  (1886)  Biedermann^  found  that  in  the 
mucous  glands  both  of  the  tongue  and  of  the  nictitating  membrane  of 
the  frog,  the  granules  during  secretion  become  changed  into  a  much 
less  refracting  substiuicc,  thus  making  the  cell  appear  as  if  vacuolated. 
According  to  Drascli®,  however,  granular  cells  are  not  a  constant  feature 
of  the  mucous  glands  of  the  nictitating  membrane  of  the  frog,  nor,  when 
present,  do  the  cells  alter  in  granularity  according  to  their  state  of 
secretion. 

1  Ilandbuah  d,  Phyitioloftie  (Hcransg.  y.  Hormanu)  Bd.  v.  p.  03. 

>  Archiv,  /.  mie,  AiuU,  Bd.  13, 187G. 

s  This  Jmrnal,  Vol.  n.  pp.  276,  279. 

<  i»r»M?.  lUiy.  ,S'oc.  Vol.  xu  No.  214,  p.  3C2. 

^  This  Jounmlt  vol.  ii.  p.  284. 

*  Sitzunffsb,  d.  kais.  Akad,  zu  JVien,  Abt.  ni.  Bd.  86. 
7  Sitzwigsb.  d,  kait,  Akad,  zu  Wien.  Abt.  iix.  Bd.  94. 

•  Arch./,  Anal.  u.  Physiol.  Abt.  1889,  p.  90. 
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Whilst  granules  have  been  so  seldom  described  in  mucous  glands, 
they  have  not  infrequently  been  described  in  some  of  the  raucous  cells 
of  mucous  membranea  A  full  account  of  the  descriptions  which  have 
been  given  of  these  cells  will  be  found  in  a  recent  paper  by  Paneth*. 


FIGURES.    PLATE  XXX. 

Fig.  1.     Alveoli  of  fresh   submaxillaiy  gland   of    dog,   irrigated  with 
5  p.c.  NaCl.,  showing  mucous  granules  streaming  out  of  an  alveolus  (a). 
{h)     Bleb  of  swollen,  ti-anajMirout  mucin  with  granules  in  it. 
(c)     Other  alveoli  with  mucous  granules. 
{d)     Demilune  cells  with  smaller,  fainter  proteid  granules. 
Magnified  about  480  times. 

Fig.  2.  Alveolus  of  sub-maxillary  gland  of  dog,  showing  the  pseudo- 
network  which  is  sometimes  seen  a  short  time  after  a  piece  of  gland  has  been 
mounted. 

Fig.  3.  Alveolus  of  orbital  gland  of  cat,  in  5  p.c.  NuCl,  slightly  pressed, 
allowing  the  liinils  of  the  coUh  uh  clutir  liiiOH. 

Fig.  4.     Isolated  mucous  granules  of  the  orbital  gland  of  the  dog. 

(a)     Swollen  in  1  p.c.  NaCl. 

(h)     In  5  p.c.  NaOl,  showing  faint  filament  sometimes  seen  to  join  and 

connect  the  granules,  probably  in  consequence  of  their  having  stuck 

together, 
(c)     Shrunken  in  20  p.c.  NaCl. 

Fig.  5.     Isolated  cells  from  sub-maxillary  gland  of  dog,  a  day  after  dcsith. 
(a)     Cells  in  5  p.c.  NaCl ;    two  of  the  cells  are  focussed  to  show  the 

nuclei,  the  nucleus  is  often  completely  hidden  by  the  granules. 
(5)     Cells  isolated  in  5  p.c.  NaCl,  and  then  irrigated  with  1  p.c.  IICl. 
(c)    Demilunes  in  5  p.c.  NaCl. 

« 

Fig.  6  (a)  Mucoiui  cells  sub-maxillary  gland  of  dog  irrigated  with  water, 
showing  different  sized  network  in  the  cells  according  to  the 
amount  they  swell  up;  the  network  is  here  represented 
as  more  distinct  than  it  usually  is  on  addition  of  water. 
Nuclei  rather  refractive  and  homogeneous  in  appearance. 
(6)  Mucous  cell  of  sub-maxillary  gland  of  dog,  isolated  in  5  p.c. 
NaCl,  and  then  imgated  with  1  p.c.  HCl,  showing  fiit 
globules  in  the  meshes  of  the  network. 

1  ArckivfUr  mik,  Anatomey  Bd.  81,  p.  146»  1888. 
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(c)  Mucous  cell  of  sub-maxillaiy  gland  of  cat,  imgs\ted  first  witli 
dilute  ammonia,  then  with  1  p.c.  HCl,  showing  bleb  of 
transjmrent  mucin  issuing  from  the  cell. 

(d)  Mucous  cell  of  orbital  gland  of  dog,  two  days  after  death. 
Isolated  in  5  p.a  NaCl.  and  irrigated  with  I  p.c.  HOI, 
showing  bulging  of  mucous  substance  between  the  bars  of 
the  network. 

(a)     Mucous  cells  from  orbital  gland  of  cat,  one  day  after  deatli. 
Isolated  in  2  p.c.  NaCl,  a  few  granules  only  are  left  in  the 
cells. 
(/)     Isolated  nuclei  of  mucous  cells  of  sub-maxillary  ghiud   of 
dog. 

Fig.  7.     Cells  from  orbital  gland  of  dog  left  for  three  days  in  2  p.c. 
chloral  hydrate. 

(a)  Cell  irrigated  HNO,  5  p.a,  showing  wide-meshed  inner  network. 

(b)  Cell  irrigated  with   water,  showing  finc-mcshcd  network  on  the 
surface  of  the  cell. 

Fig.  8.     Ducts  of  sub-maxillary  gland  of  the  dog. 

(a)     Without  addition  of  fluid  the  granules  are  not  always  so  distinct 

as  they  are  represented  here,  but  may  become  more  distinct  on 

iiTigation  with  5  p.c.  NaCl. 
(h)     Showing  alteration  which  may  take  place  a  short  time  after  the 

])i(icn  of  gland  has  1)oen  mounUMl.     Early  utiigo  of  striation. 
{c)     Irrig^ition  with  water,  granules   swell   up  and  give  a  vacuolated 

appearance  to  the  duct  cells. 

June  28. 


ON  THE  STIMULATION  EFFECTS  IN  A  POLARISED 
NERVE  DURING  AND  AFTER  THE  FLOW  OF 
THE  POLARISING  CURRENT.  By  G.  N.  STEWART, 
M.A.,  D.Sc.,  Senior  Demonstrator  of  Physiology,  Owens  College. 

I  PROPOSE  here  to  consider  aomcwhat  more  in  detail  tlio  \York 
of  wliich  a  preliminary  sketch  was  given  in  this  Journal'  some  months 
ago.  The  object  of  the  enquiry  was  to  investigate  the  electrical 
changes  which  take  place  in  a  polarised  nerve  when  it  is  stimulated, 
both  during  the  flow  and  after  the  opening  of  the  polarising  current, 
so  far  as  these  changes  have  not  hitherto  been  studied,  or  where 
the  study  of  them  has  been  incomplete.  It  wjvs  thought  that  if 
the  gaps  in  our  knowledge  of  this  subject  could  be  filled,  the  search 
for  a  principle  by  which  to  ox]»lain  the  phenomena,  whoso  funda- 
mental unity  it  is  difficult  to  doubt,  would  be  made  at  once  more 
easy  and  more  safe.  I  have  tried  to  obtain  not  only  qualitative  but 
also  quantitative  results,  relying  in  the  latter  case  rather  on  comparison 
of  different  experiments  on  the  same  nerve,  than  on  observations  made 
on  different  nerves  at  different  times.  I  shall  endeavour  here,  as  briefly 
as  possible,  to  chronicle  the  results  and  to  discuss  them ;  to  connect  them 
with  each  other  if  I  can;  to  connect  them  with  already  ostid)lisho<l 
facts  if  that  be  possible;  and  finally  to  suggest  an  explanation  of 
them. 

As  far  as  possible,  repetition  of  anything  in  the  preliminary  paper 
has  been  avoided.  Accordingly,  unless  it  has  been  first  read,  the  present 
paper  will  in  parts  be  scarcely  intelligible. 

I.  QaLVANOMETRIC  observations  DUUINQ  the  flow  of  the  1H)LA- 
RISINO  current,  where  THE  WHOLE  INTRAPOLAR  AREA  IS  LED 
OFF  TO  THE  GALVANOMETER, 

1.    Stimulating  electrodes  in  extrapolar  region. 

What  I  wished  particularly  to  study  here  was  the  case  where 
stimulation  is  made  on  the  anodic  side.    Hermann  found  long  ago 

1  VoL  IX.  pp.  199—212. 
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that,  when  the  excitation  has  to  pass  the  cathode,  the  intrapolar  effect 
falls  out  altiogothcr,  as  soon  as  a  certain  limiting  intensity  of  current  is 
reached.  lie  was  unable  to  say  whether,  with  stimulation  on  the  side 
of  the  anode,  the  cflcct  continually  incre«ises,  or  whether  it  reaches  a 
maximum.  For  the  dcUection  became  so  in*egular,  when  the  current 
was  strengthened,  that  it  was  impossible  to  continue  the  observations. 
It  was  just,  however,  the  strong  currents  which  I  was  desirous  of 
studying.  In  this  difficulty  a  device  occurred  to  me  which  has  proved 
to  be  of  very  great  service.  I  thought  that,  if  the  two  nerves  of  the 
same  frog  were  put  one  into  each  coil  of  a  diflcrential  galvanometer, 
the  current  being  divided  between  them,  any  irregularities  in  battery  or 
nerves  would  be  eliminated.  The  stimulation  effect  could  then  be  got 
by  exciting  one  of  the  nervea 

Fig.  1  shews  the  arrangement  adopted. 

Fio.  1. 


/  RbcwB  Uio  iK)HUi(m  of  tlio  Riimiilating  olcotrodcfl,  which  woro  2  mm.  apart;  A',  AJ., 
Ki  K^  are  iho  polariRing  elootrodes ;  G,  G'  are  the  two  galvanometer  coils ;  C'  is  a  Tohl's 
commutator  for  changing  direction  of  current ;  C  is  a  Pohl  without  cross  wires  by  moans 
of  which  a  plug  rhcosUit  11  could  be  introduced  into  cither  circuit.  The  circuit  which  did 
not  contain  li  was  completed  at  C  by  a  movable  copper  bridge. 

J2'  is  a  rheochord,  B  is  battery,  K  a  key. 

As  it  was  not  possible  to  adjust  the  nerves  so  that  the  resistance 
should  be  the  same  in  both  circuits,  a  rheostat  was  connected  up  in  such 
a  way  that  it  could  be  placed  in  series  with  either  of  them.  Then,  with 
a  very  weak  polarising  current,  the  resistance  was  arranged  so  as  to 
bring  the  image  to  zero  of  the  scale.  The  intensity  of  the  current 
would  then  be  the  same  in  both   nerve  circuits,  if  the  galvanometer 


4C0 


a.  N.  STEWART. 


constant  of  the  two  coils  was  the  same  and  also  the  moment  of  the  two 
magnets.  At  corresponding  cross  sections  the  current  density  would  be 
approximately  the  same,  and  therefore  whatever  galvanometric  change 
was  caused  in  one  nerve  by  the  continued  flow  of  the  current  would  be 
balanced  by  an  equal  change  in  the  other,  except  so  far  as  accidental 
differences  in  the  properties  liable  to  be  affected  by  the  current  are 
concerned.  When  the  stronger  current  was  now  closed,  the  adjustment 
was  still  nearly  right.  The  rheostat  was  again  arranged  so  as  to  bring 
the  image  to  zero,  if  the  deflection  was  large.  Then  the  stimulation 
effect  was  observed.  In  this  way  it  was  found  possible  to  work  with 
currents  up  to  that  of  7  or  8  Daniells  with  as  much  comfort,  and  nearly 
OS  great  accuracy,  as  with  1  Daniell  when  a  "Rcduction.srollc"  was 
used. 

Experiments  1  and  2  are  examples  of  the  method. 


Experiment  1. 


EXPEBIMENT  2. 


Polarising  current. 

Stimula- 
tion 
eiTcot. 

DlBtanoe 
of  coils  of 
Induction 
uiacliino. 

Polarising  current. 

Stimula- 
tion 
oiTcot. 

Stimulus. 

1  D  whole  Rh 

+  60 

85 

1  D  Rh  50 

+  25 

85 

5  D  whole  Eh 

0 

0 

1  D  whole  Rh 

+  41 

5  D  whole  Rh 

+  55 

0 

2D 

+  28 

1  D  whole  Rh  , 

+  87 

0 

3D 

+  17 

1  D  whole  Rh 

+  551 

85 

4D 

+  24 

51) 

+  30 

>} 

5D 

0 

7D                  j 

+  14 

n 

1  D  whole  Rh 

+  3G 

1  D  whole  Rh  i 

+  85) 
+  90/ 

» 

w 

Difitance  /  B^  20  mm. 

Length  of  nerve  between  e 

lectrodes 

E^  E^  9  mm. 

12-5  mm. 

The  whole  rheochord  contained  2000  rheochord  units. 

Before  ado})tiiig  this  armngcmctit  I  hud  ukuIc  a  scries  of  cx|)orinioiiU{ 
in  which  the  irregularity  was  diminished  by  shunting  the  galvanometer, 
the  deflection  being  balanced  by  a  "  ReductionsroUe."  The  results  here 
were  not  at  all  doubtful,  although  the  method  was  inconvenient  and  not 
well  suited  for  quantitative  work.  Experiments  3  and  4  may  serve  as 
examples.  I  do  not  lay  much  stress  upon  the  actual  numbers  here, 
except  with  the  unshunted  galvanometer;  and  my  conclusions  are  based 
mainly  upon  the  results  of  the  first  method. 
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EXPBRIMENT   3. 


ExPERIIfRNT   4. 


Polarising 
current. 

Stimu- 
lation 
effect. 

Stimulus. 

Polarising 
current. 

Stimu- 
lation 
effect. 

Stimu- 
lus. 

\J>\ 

+  15 

200 

Shunt  10 

IDJ 

+  160 

200 

No  shunt 

ID 

+  65 

)i 

w 

ID 

+  50 

19 

»» 

3-2  D 

+  60 

}} 

>» 

1-7  D 

0 

II 

Shunt  10 

ID, 

+  70 

» 

>f 

1-7  D 

+  60 

II 

IDj 

+  12 

n 

fl 

1-7  D 

0 

}) 

4D, 

+  15 

» 

»} 

2-6  D 

+  12 

l» 

ID, 

+  75 

»» 

)9 

2-6  D 

0 

50 

4D, 

+  12 

9> 

91 

4D 

0 

200 

9D, 

+    2 

l> 

II 

4D, 

+  60 

70 

9D, 

+    5 

120 

II 

3-2  D, 

+    5 

200 

ID 

+  70 

200 

11 

+  25 

120 

2-6  Dj 

+   4 

200 

+  26 

120 

Distance  bctw€ 

)en  i)olariH] 

lug  elec- 

I'D  j 

+   5 

200 

trades  limn 

1. 

+  55 

120 

Except  when  it  is  otherwise  stated,  the  stimulating  electrodes  were 
at  the  central  end  of  the  nerve. 

In  iill  the  experiments  the  numbers  under  the  heading  "Stimulus" 
refer  to  the  distance  between  the  coils  of  the  induction  niuchiuo 
expressed  in  millimetres.  ID  under  '* polarising  current"  means  one 
Daniell.  The  sign  prefixed  to  the  numbers  in  the  column  headed 
"  stimulation  effect "  gives  the  direction  of  the  effect  referred  to  that  of 
the  polarising  stream,  a  +  effect  being  one  in  the  same  direction,  a 
—  effect  one  in  the  opposite  direction.  In  Experiments  3  and  4  the 
innnl>ci*H  roprcsonting  the  stimuhitiou  effect  must  be  multiplied  by  the 
shunt  nunibor,  in  order  U)  gnt  the  absohite  dellcction.  In  KxporiinonLs 
1  and  2  the  numbers  must  be  doubled  iu  order  to  compare  with 
observations  where  the  whole  galvanometer  was  in  circuit  with  one 
nerve,  because  here  the  stimulated  nerve  was  connected  up  with 
only  one  coil.  Again  in  1  and  2  Helmholtz's  wire  was  used,  and  there 
were  two  Daniells  in  the  primary.  In  3  and  4  there  was  only  one 
Dauiell  in  the  primary,  but  the  ordinary  tetanising  arrangement  was 
employed.  Even  if  the  external  conditions  were  made  the  same,  it 
would  not  be  so  safe  to  compare  the  results  from  different  nerves  as  to 
compare  those  from  the  same  nerve.  What  is  very  evident  from  all  the 
experiments,  (of  course  those  quoted  are  only  a  sample)  is  that  with 
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stimulation  on  the  anodic  side  a  limiting  intensity  of  current 
can  be  reached  for  which  the  stimulation  effect  disappears 
altogether.  This  lies  much  higher  than  the  limiting  intensity  for 
stimulation  on  the  cathodic  side.  It  is  raised  by  strengthening  the 
stimulus  in  both  cases,  but  this  is  much  more  marked  for  anodic  than 
for  cathodic  stimulation.  The  longer  the  piece  of  nerve  between 
the  jjolarising  electrodes  the  greater,  in  general,  must  the  E.  M.  F.  bo 
with  which  the  limit  is  reached  ;  in  other  words  the  current  density  is 
the  function  of  the  current  which  is  chiefly  concerned.  Experiment  3 
shews  very  clearly  that  the  decline  of  the  effect  as  the  current  is 
increased  is  not  due  to  permanent  injury  to  the  nerve,  for  with  ID} 
lli(;  (effect  is  rather  greater  at  the  end  than  at  tlie  iKiginniug.  That  Uk». 
decline  is  not  due  to  the  deepening  of  anelectrotonus  at  the  stimulated 
point,  we  shall  be  able  to  shew  later  on,  when  we  come  to  speak  of  the 
comparison  of  the  extra-  and  intrapolar  effects.  To  eliminate  this 
possibility,  as  far  as  might  be,  the  stimulating  electrodes  were  always 
placed  at  as  great  a  distance  from  the  polarising  circuit  as  the  conditions 
of  the  experiment  allowed. 

The  curve  of  the  stimulation  effect,  then,  rises  from'  a  zero  value  and 
sinks  to  a  zero  value  t\gain.  Between  the  two  points  where  it  cuts  the 
abscissa  axis  it  must  have  at  least  one  maximum.  I  tried  to  determine 
the  ciiiTcnt  density  corresponding  to  which  the  anodic  curve  reaches  its 
maximum ;  and  it  came  out  that  this  current  density  cannot  lie  very  far 
from  that  for  which  the  cathodic  curve  cuts  the  abscissa.  It  will  be 
seen,  that  in  the  experiments  already  cited  the  highest  values  of  the 
stimulation  effect  for  the  descending  current  always  correspond  to  zero, 
or  something  very  like  zero,  for  the  ascending  current.  Thus  in 
Experiment  3,  1  D  |  gives  the  largest  stimulation  effect ;  1  D  |  gives 
one  which  is  so  much  smaller  that  a  slight  increase  in  the  current  would 
have  brought  us  to  the  zero.  In  Experiment  4,  1'7  D  \  corresponds  to 
the  maximum  and  17  Df  to  the  minimum.  Experiment  1  was  not 
directed  to  this  point,  and  there  is  too  great  a  gap  between  1  J)  and  5 1). 
What  we  see  is  that  with  1 D  whole  Kh  f  the  cathodic  curve  is  already 
lower  than  the  anodic,  (leaving  out  of  account  the  doubtful  observation) 
which  is  higher  than  with  any  of  the  stronger  currents. 

Experiment  5  is  an  example  of  observations  specially  devoted  to  this 
point.  Experiment  6  compares  the  effect  with  the  two  directions  for 
currents  which  were  too  weak  to  produce  a  complete  block  at  the 
cathode. 


POLARISED  NERVES, 


4G3 


Experiment  5. 


Experiment  6. 


Experiment  7. 
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Experiment  7  shews  that  in  a  perfectly  fresh  nerve  the  limit  was 
certainly  not  higher  than  8  Daniells  for  the  descending  current. 


2.    Stimulating  electrodes  in  intrapolar  region. 

Wo  have  seen  that  there  is  a  limit  beyond  which  extrapolar 
stimulatiou  on  the  side  of  tliu  anode  evokes  no  response  in  the  intrapolar 
area,  any  more  than  stimulation  on  the  side  of  the  cathode.  The  block 
at  the  cathode  we  know  to  be  a  polar  effect,  because  stimulation  on  the 
side  of  the  anode  is  as  effective  as  before.  Besides,  there  is  plenty  of 
direct  proof  that  the  intrapolar  area  as  a  whole  has  not  lost  its 
excitability  and  conductivity,  when  the  cathode  has  become  impassable. ' 
The  question,  therefore,  arises.  Is  the  final  disappearance  of  the  effect 
due  to  a  polar  anodic  block,  or  is  it  due  to  a  depression  of  conductivity 
iu  the  whole  intrapolar  region,  extending  also  into  the  nearest  extrapolar 
parts?  If  tlie  depression  is  limited  to  the  region  immediately  around 
the  anode,  there  is  no  reason  why  the  intrapolar  effect  should  not 
persist  with  intrapolar  stimulation  long  after  it  has  ceased  with 
oxtraiK)lar.  Thus  assumes  that  excitation  of  the  intrapolar  area  generally 
is  the  essential  condition  of  the  stimulation  effect.  If  the  essential 
condition  bo  a  clifforeucc  in  the  intensity  of  excitation  at  the  two  poles, 
in  other  words  if  pohu'isixtion  increment  be  the  main  factor,  then  indeed 
intrapolar  stimulation  might  be  effective  after  the  block  was  established 
at   botli   poles,  and   yet   there   might  "be   no   cliange   indicated   by  a 
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galvanoTnetcr  oonnectod  up  with  the  whole  intrapolar  area  in  the  usual 
way.  We  shall  sec  later  on  that  there  is  evidence  to  shew  that  the 
ano<lic  block  is  not  essentially  a  polar  ciTect,  as  the  catlKxlic  bl<»ok  ix, 
but  that  it  is  really  a  part  of  the  general  intrapolar  depression.  The 
very  gradual  decline  of  the  effect  is  already  a  hint  of  this. 

Arrangements,  It  was  necessary  to  introduce  a  large  resistance  into 
the  secondary  coil,  so  as  to  prevent  the  polarising  current  from  being 
short-circuited  through  the  stimulating  electrodes.  A  plumbago  resis- 
tance of  578,000  ohms  (resistance  B)  served  this  purpose  effectually. 
Stimulation  was  made  by  closing  the  primary  circuit,  the  du  Bois  Key 
in  the  secondary  remaining  open.  This  was  to  avoid  any  error  due  to 
the  slight  alteration  in  the  total  resistance  of  the  nerve  circuit  which 
would  have  been  caused  by  throwing  in  the  secondary  coil.  As  a  rule 
it  was  not  found  necessary  to  introduce  extra  resistance  into  the  nerve 
circuit.  When  it  was  thought  necessary,  a  plumbago  resistance  of  about 
68,000  ohms,  which  will  be  referred  to  as  A,  was  introduced.  Even 
when  there  was  no  extra  resistance  in  the  nerve  circuit,  fairly  strong 
shocks  could  bo  employed  without  affecting  the  galvanomct<jr  directly. 
JToIniholtz'a  mo<1ification  was  used  as  before.  The  differential  galva- 
nometer aiTungement  was  that  lulopLed.  It  is  unnocessiuy  to  give  a 
figure,  as  everything  was  precisely  the  same  as  in  Fig.  1,  except  that  the 
stimulating  electrodes  were  intrapolar.  Except  where  it  is  otherwise 
stated,  they  were  as  nearly  as  possible  in  the  middle  of  the  intrapolar 
region. 
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ICxPRKlMKNT  10.  Jleiij  two  pairH  of  iicrvt^H  wore  iisoil.  Tlio  ooiititil  <'n«l 
of  one  nerve  was  put  in  couUict  witli  tbe  periphei'al  end  of  the  other  so  as  to 
equalize  the  cross  section.  The  direction  of  the  current  is  reckoned  with 
refei'ence  to  the  nerve  whose  centi-al  end  is  next  electrode  J?^, 


PolariHing 
current. 


1  D  whole  llh  f 


2D 
:5D 
4D 


Stimulus  25;  2D  in  ]>riniary; 
distance  between  polunsiug 
electrodofl,  17  nun. 


These  experiments  sliew  very  much  the  same  state  of  things,  as  when 
stimulation  is  extrapolar  and  above  the  anode.  The  effect  rises  at  first 
to  a  maximum,  and  then  gradually  declines  to  zero.  In  Experiment  8 
5  D  I  gives  very  nearly  the  limiting  current  density.  The  maximum 
lies  about  1 D,  certainly  much  below  2  D.  There  is  no  hint  of  an 
indefinite  persistence  of  the  effect  beyond  the  cuiTcnt  density  which 
11  mils  it  for  extrapolar  sLimuhiti<in. 

When  we  come  to  the  comparison  of  the  extra-  and  intra]}olar 
effect  with  intrapolar  stimulation,  we  shall  find  additional  evidence 
to  shew  that  the  anode  becbmes  impassable  about  the  time  when 
the  intrapolar  area  in  general  has  lost  its  conductivity  and  exci- 
tability. On  the  other  hand  it  is  seen  that,  long  after  the  cathodic 
block  has  developed  itself,  intrapolar  stimulation  is  effective,  producing 
indeed  sonu^thing  like  iks  maximum  effect  with  the  current  density  which 
corresponds  to  the  beginning  of  the  block. 

II.  GaLVANOMETRIC  ODSEUVATIONS  DURING  THE  FLOW  OF  THE  POLA- 
RISING CURRENT  WHEN  AN  EXTRAPOLAR  AREA  IS  LED  OFF  TO  THE 
GALVANOMETER. 

1.     Stivudaiinff  electrodes  eirtrapolar. 

Since  Bernstein  first  discovered  the  electrotonic  variation,  the  sub- 
ject has  been  more  than  once  investigated,  by  Hermann  among  othei*s. 
Hermann  explained  the  diminution  which  takes  place  alike  in  the 
anodic   and   cathodic   currents  when  the    nerve   is  stimulated,  by  an 
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application  of  his  law  of  polarisation  incrementV  Later  on,  however,  he 
was  convinced  by  rheotome  experiments  that,  although  this  might  be 
part  of  the  explanation,  it  was  not  the  whole,  and  he  supplemented  it 
by  JUSKuming  that  excitation  diminishes  the  capacity  for  polarisation 
between  core  and  sheath'. 

The  results  of  my  experiments  on  the  intrapolar  effect  made  me 
anxious  to  use  stronger  currents,  and  to  investigate  the  direction  of  the 
extrapolar  effect  especially  on  the  side  of  the  anode.  For  it  was  to  be 
expected  that,  as  soon  as  the  anodic  block  was  established,  a  resultant 
action  current "  must  be  caused  between  any  extrapolar  point  and  the  anode 
itself,  or  a  point  near  the  anode.  This  current  must  have  the  opposite 
direction  to  the  negative  elcctrotoiiic  variation,  and,  if  it  wore  large 
enough  to  overcome  the  latter,  it  ought  to  ap)>ear  as  a  positive  variation. 
On  the  side  of  the  cathode,  however,  it  would  have  the  same  direction 
as  the  electrotonic  variation,  and  would  only  tend  to  strengthen  this.  I 
kept  also  the  possibility  in  view  that  the  true  electrotonic  variation 
itself,  whatever  its  cause,  might  not  necessarily  have  the  same  direction 
with  strong  currents  which  rendered  the  intrapolar  region  non-conducting, 
as  with  weak. 

Since  it  wj\s  to  be  expected  that  the  extrapolar  parts  of  the  nerve 
in  the  immediate  neighbourhood  of  the  anode  would  have  their 
conductivity  most  reduced,  the  indication  was  to  approach  the  lower 

Fig.  2, 


Ky  B^  are  the  galvanometer  electrodes ;  /?,  E^  polarising  electrodes. 

(/  is  the  galvanometer.  C  the  compensator.  7^  the  battery. 

A"  a  doable  key  by  which  battery  and  galvanometer  circuits  were  closed  simaltaneonsly. 

leading-off  electrode  as  near  as  possible  to  the  upper  of  the  polarising 
pair.     The  electrotonic  cuirents,  which  were  very  large,  were  carefully 

^  Pflilger*s  Arehivy  Bd.  vi.,  and  x.  p.  215. 
»  Pf luger's  Archiv,  Bd.  xmi.  p.  246,  &c. 

'  By  resultant  action  current  is  meant  the  algebraic  sum  of  all  the  action  enrrcnts  net 
up  in  a  given  interval.     The  galvanometer  would  practically  carry  out  the  integrati<m. 
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compcns:itc(l  iii  order  to  eliminate  the  ordinary  positive  variation,  or 
"change  of  resistance"  effect,  which  could  not  otherwise  be  taken 
account  of.  To  make  sure  that  this  compensation  did  not  essentially 
:ilttM-  tlio  ct)nililions  di^tcnninin{i;  the  spread  of  the  electrutonic  currents, 
a  separate  set  of  observations  was  taken  where  there  was  no  compensa- 
tion.    Fig.  2  shews  the  arrangement  at  first  used,  details  being  omitted. 
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Experiment  13. 
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Tlie  nerve  was  the  companion 
nerve  of  tliat  used  in  Experi- 
ment 12.  Distances  the  same  as 
in  Experiment  12. 
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EXPKRIUENT  14  a. 
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*' After  opening''  means  after  opening  the  polarising  current. 
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Experiments  15  and  16  are  examples  of  the  experiments  whore  tlie 
electrotouic  currents  wore  not  compensjited. 
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Experiment 
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To  get  rid  of  the  unsteadiness  of  the  deflection,  which  is  especially 
troublesome  in  the  case  of  the  anodic  current,  I  had  recourse  again  to  a 
method  of  what  might  be  called  automatic  compensation,  where  the 
elcctrotonic  currents  of  two  nerves  were  ma^le  to  oppose  each  other,  the 
balance  being  completed  by  means  of  a  compensator.  Figs.  3  and  4  are 
simple  schemes  of  two  ways  in  which  this  was  done.  In  the  arrangement 
of  Fig.  3  the  nerves  rested  each  on  four  electrodes.  The  distances  E^  E^ 
and  E^E^  were  made  as  nearly  as  possible  equal,  and  the  current  from 
the  same  battery  was  divided  between  the  two  nerves.  In  the  arrange- 
ment of  Fig.  4  the  nerves  lay  on  the  same  pair  of  battery  electrodes  J?, 
E^.  E^  was  a  movable  bridge  of  clay,  which  the  nerves  touched  just  where 
they  began  to  diverge.  In  both  cases  the  distances  E^  E^,  E^  E^  were 
made  equal.  It  is  clear,  therefore,  that  in  the  galvanometer  circuit  the 
two  elcctrotonic  currents  would  nearly  counterbalance  each  other.  Any 
irregularities  due  to  the  battery  would  thus  be  eliminated.  As  it  was 
not  possible  to  hit  the  balance  exactly,  a  compensator  C  was  introduced 
to  complete  it.    In  one  set  of  experiments  two  pairs  of  nerves  in  reverse 
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order  were  used,  iusteatl  of  two  single  nerves,  in  order  to  get  a  uniform 
cross  section.  When  now  one  of  the  nerves  or  nerve  pairs  was  siimnlatcil, 
the  stimulation  effect  would  appear  pure,  but  weakened  by  having  to 
pass  through  the  resistance  of  tlie  included  piece  of  unstimulated  nerve. 
The  deflection  would  have  to  be  multiplied  by  2  in  order  to  make  it 
comparable  with  the  case  where  the  galvanometer  was  connected  only 
with  the  stimulated  nerve  itself.  Here  the  resistance  of  the  galvano- 
meter is  neglected. 

I  quote  a  few  of  the  results  got  by  this  method,  which  has  proved 
very  satisfiictory.     Experiment  17  is  an  cxamjile  with  the  armngeiiient 


Fi«.  3. 


E. 


e; 


Ml 


eA 


Fio.  4. 


of  Fi<'.  3.     Experiments  18  to  22  were  done  with   the  arrangement 


of  t'ig.  4. 
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EXPERIMBMT   17. 


Polarising 

Stimulation 

ouirent. 

effect. 

ID  \ 

-20 

3D  f 
4D 

-32 

-20 

-19 

r  after  opening. 

5D  f 

-24 

-38 

30"  after  opening. 

-38 

1' 

-27 

2' 

6D  i 

+  34 

+  17 

30"  after  opening. 

+   9 

n:     „ 

Distance  I JS^    9  mm. 
E^E.   0 


«  —a     --     » 

E,E^\2    „ 


lilXTKUIMKHT    18. 


I'oliiTiHiiig  currant. 

Btininlution 

OJTiM)t. 

ID 

\ 

-184 

3D 

\ 

+    16 
•   -    38 

20''  after  opening. 

5D 

\ 

+    46 
+   58 

20"  after  opening. 

+    56 
+    17 

20"  after  opening. 
2' 

8D 

1 

+   68 

+    77 
+   53 

20"  after  opening. 
2' 

+    26 

6' 

ID 

1 

-138 

1  D  nil 

100  i 

+    27 
-    53 

20^'  after  opening. 

5D 

{ 

+    12 
+    30 

15"  after  oi)ening. 

8D 

1 

+   35 
+    63 

20"  after  opening. 

ID 

1 

+   41 
-    79 

40"  after  opening. 

2  1) 

+ 

-   76 

Distance  I  K^  10  mm. 

-*s  ■*',    2    „ 
Stinnihi8  14. 
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Experiment  19. 


Polarising  carrent. 

Btimulation 
effect. 

ID  nil    50  f 

-    9 

ID  Rh200 

-    5 

ID 

-14 

2D               f 

-27 

3D               f 

-    5 
-36 

20"  after  opening. 

5D               f 

~2I 
-21 

20"  jifU^r  opouiiig. 

(closed  4*) 
5D               \ 

-21 

+  80 

20"  after  opening. 

(closed  4') 

+  24 
+  28 

20"  after  opening. 
1' 

+    2 

5' 

5D               j 

+  G5 

(closed  3') 
ID               i 

+  22 
-42 

20"  after  opening. 

1  D  Rh  200  \ 

-39 

Distouce  I E^    8  mm. 
E.E.    9 
E  E,    1 
X  E^  13 

StiiiuiluH  14. 


Experiment  20. 


Polarising 
current. 

Stimnlation 
effect. 

ID  J 

-33 

E^  and  E^  in  con- 
tact. 

3D    y 

+  33 

1  l>  ^ 

3D 

5D 

-53 
+   5 
+  32 

j       distance  E^  E^ 
\             3  mm. 

ID  \ 

-35 

\ 

3D  \ 

-24 

5D  { 

-19 

distance  A'  E^ 

10  D  \ 

-    1 
(20"  after 

4^  uini. 

opening  +  15) 

, 

Diiilancc    /  E^    8  mm.  \     tv\         i      i    i 

jsr   a;     0  I    riirough  wjiolo  experi- 

ment.    Stimulus  14. 


7  7^1    8  mm.) 
E,E^    9    „     \ 


474 


(?.  N.  STEWART. 


Experiment  21. 


Polarising 
corrent. 


1  D 

2D 

1  1) 

3D 

5D 

IDRhlOO 

2D 

5D 


8D 
ID 
3D 
8D 
5D 


Stimalation 

effect. 

-IG 

diHtitnce  J^^  K^ 
4J  mm. 

-23 

-13 

-18 

E^  E.  3  luiii. 

-23 

1 

-    7 

■ 

-    7 

-    8 

'  (20"  uft«r  open- 

ing-7) 
-    3 

•  A'^aiid  A",  ill  conUict 

-48 

-93 

+  68 

+  26 

* 

Difltances  sinno  as  in  Experinient  20. 
StiiuuluH  14. 
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Polarising 
cnrreul. 


2D  f 

ID  RhlOOf 
3D  t 

5D  f 


ID 
2D 
5D 


f 
f 


I  D 
2D 
5D 


I 

t 


ID 


\ 


Stimulation 
effect. 


-40 

-  8 
-28 

-  23 
-2(1 

-  9 

-  14 

-  3 
-13  (20" 

after  o|)ening) 

-120 
+  25 
+  122 
+  12 
(20"  after  open 

i»g) 

-  47 


E^  and  E^  very  close 
but  not  touching. 

20"  after  ojKJning. 


K^  and  E^  in  contact. 


Distance  I  E^    7  mm. 

>;,/;,  7 
/;,  H,  1 1 


a      •      » 


It 


Stimulus  14. 
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It  will  be  seen  from  these  results,  that  with  currents  of  only 
moderate  strength  the  electrotonic  variation  is  negative 
both  on  the  side  of  the  anode  and  on  that  of  the  cathode, 
however  close  E^  and  E^  may  be,  and  even  when  they  are 
united.  As  the  current  is  strengthened,  the  negative  varia- 
tion on  the  anodic  side  gives  place  to  a  positive  variation, 
and  this  is  reached  with  greater  difficulty  the  greater  the 
distance  between  E^  and  E^,  On  the  cathodic  side,  however, 
tlio  variation  remains  noj^ative  witli  the  strongest  currents  I 
have  used.  1  have,  indeed,  in  a  few  insUincos  observed  a  small  positive 
variation  of  the  cathodic  current,  with  perfectly  fresh  nerves  anil  a  weak 
pohu'ising  stream.  In  Experiment  14  a,  e.g.,  with  1  D  llh  100  \  ,  a  de- 
flection of  +  G  was  got  at  first.  But,  when  the  current  was  left  closed 
for  a  longer  time,  this  changed  into  a  negative  effect,  which  still  increased 
with  tlie  tinie.  In  tliis  connection  one  thinks  of  tlie  fact  that  a  weak 
current  may  establish  the  block  at  the  cathode  wlien  it  flows  for  some 
time,  although  it  would  not  bo  able  to  do  so  with  a  shorter  time  of 
closure.     The  point  will  be  referred  to  again. 

Some  observations  were  taken  (Experiments  14, 14  a,  14  b,  14  c,  15, 17 
and  18)  to  compare  the  amount  of  the  stimulation  effect  during  the  flow 
of  the  current  with  the  amount  a  very  short  time  after  opening  it.  The 
sign  of  the  after-ofrect  is  seen  to  bo  positive  on  the  side  of  the  anode, 
negative  on  the  side  of  tlie  cathode.  This  is  true  whether  the  sign  of 
the  effect  during  the  flow  on  the  anodic  side  be  positive  or  negative. 

In  general  it  will  be  seen  that,  even  20"  after  opening  the  polarising 
current,  the  after-effect  on  the  cathodic  side  is  greater  than 
the  effect  during  the  flow,  while  on  the  side  of  the  anode 
this  relation  is  reversed.  Even  where  this  does  not  hold  for  the 
cathodic  side,  and  this  is  almost  excluKively  the  case  for  the  weaker 
currents,  the  after-ciroct  in  general  bears  a  larger  pro]>ortion  to  that 
during  the  flow  than  it  does  on  the  anodic  side.  The  meaning  of  this 
we  shall  try  to  interpret  later  on. 

2.     Stimulating  electrodes  in  intrapolar  region. 

Here  it  was  necessary,  as  biiforo,  to  liave  the  large  rcsist^inco  B  in  the 
circuit  of  the  secondary  coil.  The  stimulating  electrodes,  which  were, 
«)f  course,  n(m-i)olai  isable,  were  generally  placed  in  the  middle  of  the 
intrapolar  area.  Otherwise  the  arrangements  were  precisely  like  those 
for  extrapolar  stimulation.  Experiments  23  and  24  are  examples  of 
these  done  according  to  the  scheme  of  Fig.  2,  with  the  stimulating 
electrodes  intrapolar. 


470 


a,  N.  STEWART. 


EXPERIMBMT   23. 


Experiment  24. 


Polarising 

Stimulation 

Polarising 

Stimulation 

current. 

effect. 
-  53 

current. 

effect. 

1 

1  D               1 

Stimulus  25 

]  1)                     f 

1             0 

ID 

-    8 

»> 

IDRhlOO       1       -14 

IDRh   16  V 

-    4 

» 

IDRh  400    t 

-11 

IDRhlOO 

0 

>> 

1 D  whole  Rh  f 

0 

lDRh400l 

0 

1} 

2D                  k 

0 

-32 

)i 

3D                  f 

0 

ID               t 

0 

}i 

3D                           y 

-22 

2D 

-    6 

>» 

5D                  f 

0 

2D               V 

-15 

»i 

ID 

-89 

4D 

0 

>> 

4D 

-14 

Stiiuulus 

Di«tiiu(:o   A',  E^    0  mm. 

strongtsst 

-^a  -^3     ^     >i 

4D 

-11 

i> 

E^E^20    ., 

CD               f 

0 

n 

Stimulating  electrodes  2  mm. 

ID 

-63 

Stimulus  25 

apart  and  in  middle  of  intra- 

ID               t 

0 

polar  region. 

Distance    E^  E^\^  mm 

. 

Stimulus  25. 

^U  -^'a    ^    »» 

E^  E,  25    „ 

Stinniiiiting  ohustnxloH  2  i 

nin.  ii]»:u*t  an<1 

in  middlo  of  intiiipoliu 

•  rt'gion. 

Experiments  25 — 27   were   done  by  the  method   of  Fig.  4,  with 
Btimulating  electrodes  intrapolar. 


ExPEIilMRNT  25. 

Experiment  2G. 

Polarising 
current. 

Stimulation 
effect. 

Polarising 
current. 

Stimula- 
tion effect. 

IDJ 

-20 

Stimulus  85 

11>1 

-37 

2D, 

-83 

Stimulus  10 

2D, 

-46 

3Di 

-21 

)i 

3D, 

-69 

4D^ 

-18 

M 

4Di 

-12 

5D^ 

0 

}| 

5D1 

+    5 

at  first 

6D' 

0 

» 

-   9 

later 

3D^ 

-49 

»l 

6Dj 

-   7 

4l)i 

-  24 

)l 

8I> 

0 

5Di 

+    4 

n 

2D 

-13 

fafter2'flow; 

ID 

-72 

8D1 
5D 

0  at  first) 
-15 

11 

2D 
4D 

-24 
+   3 

+    3 

» 

ID 

-79 

Disbiiico  K  K^    8  nun 

• 

GDJ 

\             0 

I'u^h    3    „ 

Distance  E  E  12  mm. 

Stimulating  electrodes 

in  middle  of 

yi'^i^;  22    „ 

intra jiolivr  region. 

Stimulating  electrodes  in  middlo 

of  intru]>ular  i-cgion. 
Stimulus  25. 
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Experiment  27. 


PolariRing  ourrent. 

Btiinulation 
eiTect. 

DiHbancc  /?,  ^,  10  inin. 

1  D  ]lli  100  ^ 

1 

-    5 

1  D  Rh    50  ^ 

\ 

-    1 

J^\^,    0     „ 

1  D  Rh  100  1 

' 

-    8 

Mm 

E^  E^  23     ,, 

1  D  Rh  300  f 

+    3 

Stimulating  ekctrodes  in 

middle 

1  D  Rh  300  1 

-:u 

of  iiitrapolar  region. 

1  1)                1 

0 

StinmluH  25. 

1  J) 

-75 

2D 

0 

2D 

-  55 

2D 

0 

3D 

-  16 

3D 

0 

5D 

0 

- 

1  1) 

-  39 

11) 

0 

1  1)  Rli  50 

' 

--    5 

1  D  Rh  10 

' 

-U 

1  D  Rh  16 

I 

-    2 

The  chief  points  of  difference  between  these  results  and 
those  with  extrapolar  stimulation  are  (1)  the  almost  complete 
absonco  of  any  stimnlation  effect  on  the  side  of  the  cathode 
except  with  the  weakest  currents,  and  (2)  the  absence  of  the 
positive  effect  on  the  anodic  side.  The  first  difference  is  without 
doubt  due  to  the  cathodic  block.  When  the  excitation  is  unable  to  pass 
the  cathode  the  negative  variation  of  the  cathodic  electrotonic  current 
is  absent,  or  present  only  in  very  small  amount.  Plainly,  therefore,  the 
important  condition  for  this  variation  is  stimulation  of  the  extrapolar 
area  itself.  It  is  not  enough  that  the  intrapolar  region,  and  even  the 
extrapolar  anodic  rogiiui,  should  bo  excited.  This  is  of  considerable 
interest  in  connection  with  the  explanation  of  the  electrotonic  variation 
put  forward  by  Hermann,  and  already  alluded  to.  It  is  not  easy  to  see 
how  a  change  in  the  polarisation  constant  in  the  intrapolar  area  should 
be  unaccompanied  by  an  effect  on  the  cathodic  electrotonic  current, 
merely  bcM*anso  of  the  block  at  the  cathode.  In  the  case  of  the 
intrapolar  stimulation  effiM^t  wo  know  that  nothing  which  happens  in 
the  extrapolar  area  has  any  influence,  unless  the  excitation  is  able  to 
pass  the  cathode.  These  things,  on  the  face  of  them  at  Iccost,  seem  to 
suggest  that  electrotonic  variations,  like  other  stimulation  effects,  only 
appear  in  parts  of  a  norve  which  nrc  jvctnally  excited.     There  does  not 
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seem  any  reason  why  this  should  be  so,  if  the  variations  are  due  to 
alteration  in  the  polarisation  between  sheath  and  core.  But  it  is  not  80 
easy  to  apply  the  theory  to  this  case  as  it  is  to  another,  which  we  shall 
come  to  and  of  which  it  seems  to  give  a  ready  explanation.  Besides  it 
would  be  absurd  to  lay  ranch  stress  on  a  few  experiments  which  ouly 
incidentally  rnise  the  question.  As  to  the  second  point  of  difference, 
the  absence  of  the  positive  effect  on  the  anodic  side,  we  see  that 
instead  of  changing  sign  with  increasing  current  the  effect  declines 
from  its  maximum  to  zero.  This  is  true  even  when  one  electrode  is 
made  common  to  the  galvanometer  and  battery  circuits,  as  in  Experi- 
ment 27.  The  positive  variation  is  got  by  exciting  tlie  anmlic  ivgiun 
wlu^n  the  anode  is  impas.sal)Ic.  It  appears,  thcreCoro,  for  oxtni|K)lar 
but  not  for  intmpolar  stimulation.  This  we  shall  see  more  cleaily  from 
the  next  section. 

III.    Observations  during  the  flow  of  the  polarising  current 

WHEN    THE  WHOLE    INTRAPOLAR   AREA    IS   LED    OFF   TO    THE   GAL- 
VANOMETER alternately  with  an  extrai»olar  area. 

The  object  of  this  set  of  experiments  was  to  compare  directly,  in  the 
same  nerve  or  nerve  pair,  the  stimulation  effect  in  the  extra-  and 
iiitrapolar  regions. 

1.     Stimulating  electrodes  eairaiwlar. 

Fig.  5  shews  the  arrangement  generally  used.  By  means  of  the 
commutator  C,  the  second  coil  of  the  galvanometer  0  could  be  put  into 

Fi«.  r>. 


E^k 


C  ift  a  comnuitAtor  by  which  one  coil  of  tho  galvauomctor  0  conU  he  introduced  into 
the  extrapolar  area  h\  E^  or  into  the  intrapolar  area  K,  A'^.  O'  the  other  galvanometer 
coil  18  in  circuit  with  tlie  intrapolar  region  A','  E/  when  the  intrapolar  effect  is  being 
niHanured,  but  the  coil  is  Khort  circuited  i)y  a  du  Bois  key  A"  wlicn  the  extrapolar  effect  is 
taken. 
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circuit  with  tlio  extrapolar  or  ititrapolar  area  of  the  stiiiiulaLcd  nerve  at 
will.     The  other  coil  was  only  used  for  the  intrapolar  etfect. 


ICXFKUIMENT   28. 


Experiment  29. 


Polarising 

Stimulation 

Pohrising 

Stimulation 

current 

effect. 

current. 

effect. 

Kxti*a|M>liir 

5  0  1 
5J)  j 

+  180 

Intrapolar 

4D| 

0 

liitnipnlar 

0 

lilxtmpolar 

4  1)1 
4  \}\ 

+  3K 

Frenk  uerve 

+  57 

Kxti'apolar 

4Dj 

+  214 

Intrapolar 

4D1 
4dI 

+    5 

Intrapolar 

4  1) 

+    50 

Extrajwlar 

+  39 

Extrapolar 

4D 

+    81 

1 

Intrapolar 

4D 

+    55 

Exti'apolar 

4D 

+  170 

Here  only  one  coil  of  galvanometer 

in  circuit  of  stimulated  nerve. 

Distances  I  Jt!^  9  nun. 

Distances  and  stimulus  same  as  in 

J?,  ^,8    „ 

Experiment  28. 

A'.A'.l    „ 

^,^.9    ,, 

Stimulus  85. 

In  Experiment  29  the  differential  galvanometer  method  was  used  for 
the  intrapolar  olKsorvations,  .and  one  coil  of  the  galvanometer  for  the 
oxtrapolnr.  The  nunibei*s  would  need  to  be  multiplied  by  2  in  order  to 
compare  with  Experiment  28  where  the  whole  galvanometer  was  used. 
In  Experiment  28  it  will  be  seen  that  with  5  D  |  the  intrapolar  effect 
is  suppressed,  while  the  extrapolar  etfect  is  not  much  less  than  with 
4D|.  In  Experiment  29  4 D  I  is  suBScient  to  give  the  limit.  Put 
briefly,  the  maximum  of  the  positive  extrapolar  effect,  on  the 
anodic  side,  wilh  extrapolar  stimulation  is  reached  with  a 
current  which  does  not  <lirf(^r  much  from  that  which  giv(^s 
the  miuinuim  (zero)  for  the  intrapolar  effect. 

On  the  side  of  the  cathode  the  negative  extrapolar  effect  may 
apparently  increase  somewhat  after  the  intrapolar  effect  has  disappeared  ; 
but  the  results  were  a  little  irregular. 


2.     Stimulating  electrodes  iivtrapolar. 

Except  in  the  position  of  the  stimulating  electrodes,  the  arrangement 
was  the  same  as  in  Fig.  5. 
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EXPBRIMKNT   30. 


KXPRRIMRNT   31. 


Polarising  carrent. 

iDtrapolar 
effect. 

Extrapolar 
effect. 

Polarising  carrent. 

Intmpolar 
effect. 

Kxtrapobur 
effect. 

1  D  whole  Rli  1 

+  137 

-37 

nnpolansed 

+  19 

2D 

+   55 

-21 

1  D  Rh     100  f 

+  117 

+    5 

3  1) 

+    12 

-   5 

1  D  Rli     200  ^ 

+  152 

+    6 

11)                            V 

-34 

ID            500 

+  215 

+    7 

4D 

+     4 

0 

ID  Rh  1000 

+  213 

+    5 

4D 

0 

1  D  whole  Rh 

+  291 

+    8 

1  D  whole  Kh  \ 

+  131 

-44 

ID                   f 

+  247 

+    7 

1  D  Rh  1000  1 

+  154 

-39 

2D 

+  281 

+    5 

1  D  Rh     500 

+  174 

-46 

3D 

+  200 

• 

1  1)  Rh     200  \ 

+  177 

-  50 

ID 

-1     U 

1  D  Rh     100 
ID  Rh       16 

+  167 

-45 

+  124 

-34 

Experiment  32. 


Experiment  33. 


Polarising 
current. 


Intrapolar 
clTuot. 


Extra- 
lM>hir 
ulTcct. 


DiBtance  E^  E^  6  mm. 

+  74 


1  D  whole  Rh  | 

ID  i 

2D  I 

3D 

11)  Rh  1000 

1  D  Rh    500 

IDRh    100 


-17 
-21 

-  7 

-  5 

-  23 
-24 
-16 


Distance  E^  E^  0  mm. 


1  D  whole  Rh 

1  D  Rh  1000  • 

ID 

21) 

4D 


-31 
-27 
-21 
-10 
-    4 


Distance  E,  E^  17  mm. 


E^  E^  25 


n 


Polarising 
carrent. 


1  D  Rh    16 
1  D  Rh  100 


I 


1  D  whole  Rh 
ID  f 

2  D  whole  Rh  \ 

3  D  whole  Rh  f 

4  D  whole  Rh  f 
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In  Expcrimonts  30,  31  and  82  the  stimulating  electrodes  wore  iu  the 
middle  of  the  intrapolar  area.  Two  pairs  of  nerves  iu  reverse  order 
were  used  in  each  ex(>erinieut  in  order  to  have  a  uniform  cross  section ; 
and  iu  this  case  the  direction  of  tlie  current  is  reckoned  with  reference 
to  the  nerve  whose  central  end  is  next  E^, 

As  is  shewn  very  well  in  Experiment  30,  the  intrapolar  effect 
and  the  extrapolar  anodic  effect  rise  and,  fall  together.  The 
maxima  and  minima  of  the  two  effects  correspond  closely 
enough.  Evidently  the  circumstances  which  favour  the  intrapolar, 
favour  also  the  extrapolar  phenomenon.  This  is  very  different  from  the 
case  of  extrapolar  stimulation.  There  the  extrapolar  anodic  variation 
was  at  its  height,  when  the  intrapolar  variation  had  vanished,  and  it  was 
positive  in  sign.  Here  there  is  no  hint  of  a  positive  variation.  Again 
we  are  forced  to  the  conclusion  that  the  decrease  of  conductivity  about 
the  anode,  or  in  the  whole  intrapolar  area,  is  the  cause  of  the  positive 
effect  with  extrapolar  stimulation^  the  cause  of  the  failure  of  all 
effect  with  intrapolar  stimulation. 

When  the  cathodic  region  is  led  off,  the  stimulation  effect  is  always 
insignificant.  In  Experiment  31  there  was  a  positive  deflection  of  19  on 
stimulating  the  unpolarised  nerve.  This  was  never  reversed,  but  only 
diminished.  There  are  two  ways  in  which  the  diminution  may  be 
explained.  Wc  know  that  the  conductivity  is  soon  diminished  round 
the  cathode ;  and  the  Hinaller  positive  dellection  might  be  the  ordinary 
action  current  weakened  to  con^espond  with  the  weakened  excitation. 
But  there  is  another  explanation.  The  negative  variation  of  the 
cathodic  electrotonic  current  might  be  strong  enough  only  to  diminish 
the  original  action  current,  but  not  strong  enough  to  annul  or  reverse  it. 
In  Experiment  33  a  small  increase  of  the  original  action  current  seems  to 
be  got.  For  the  weaker  currents  this  might  be  explained  as  due  to  an 
increase  in  excitability  at  the  point  of  stimulation.  It  may,  however,  be 
that  the  positive  intrapolar  effect,  acting  as  an  increase  of  the  polarising 
current  for  the  moment,  does  cause  a  small  increase  in  the  electrotonic 
currents,  which  is  masked  on  the  anodic  side  by  the  large  negative 
variation,  but  appears  on  the  side  of  the  cathode.  It  would  not  be 
difficult  to  settle  this  by  special  experiments.  For  the  present, 
however,  I  am  obliged  to  leave  it  open. 

Before  we  come  to  the  experiments  .after  opening  the  polaiising 
current,  it  will  be  well  to  discuss  brieQy  the  results  up  to  this  point. 
And  at  the  outset  it  should  be  remembered  that  a  deflection  obtained 
by  stimulating  a  nerve  may  be  the  expression  of  more  than  one  process, 
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the  algebraic  sum,  it  may  be,  of  several  terms.  lu  the  above  ezperL 
menta  we  had  to  take  account  first  of  the  ordinary  negative  variation. 
Except  in  special  cases,  the  nerve  was  arranged  so  that  this  should  be 
small  and  negligible.  If  the  negative  variation  is  large,  it  is  not 
possible,  as  a  rule,  to  reckon  up  the  share  which  it  takes  in  the 
compound  deflection.  A  mere  process  of  addition  or  subtraction  would 
land  us  in  error.  For  example,  if  wo  had  a  large  negative  variation  in 
the  intrapolar  area,  this,  as  well  as  the  ordinary  "  change  of  resistance  " 
effect,  would  disappear  when  the  excitation  had  to  pass  the  cathodic 
block.  If,  in  these  circumstances,  we  were  to  con-ect  our  zero  reading 
by  the  amount  of  the  previously  determined  negative  variation,  it  is 
plain  that  one  of  the  most  important  facts  would  bo  obscured,  namely 
the  cathodic  block  itself.  I  know  of  no  way  of  avoiding  the  difliculty, 
except  by  making  the  negative  variation  small. 

In  the  next  place  there  may  be  currents  of  action  peculiar  to  the 
polarised  nerve,  which  disappear  with  the  polarisation.  If  at  any  two 
points  of  the  polarised  nerve  which  are  connected  to  the  galvanometer 
the  excitation  arrives  with  unequal  intensity,  an  action  current  (using 
the  words  in  the  sense  already  explained)  will  be  set  up  between  them. 
In  the  intrapolar  region,  for  exaniplo,  when  the  block  at  the  cathode 
is  established,  there  will  certainly  be  an  action  current  in  the  same 
direction  as  the  polarising  stream,  when  the  excitation  comes  in  over 
the  anode.  Nothing  seems  more  sure  than  that  "polarisation  incre- 
ment," in  this  sense,  must  play  a  part  in  the  intrapolar  effect 

In  the  extrapolar  region  also,  when  one  of  the  galvanometer  elec- 
trodes is  common  to  the  polarising  circuit  or  very  close  to  it,  there  must 
be  an  action  stream  between  the  two  points  led  off,  if  an  ultei'atiou  of 
the  conductivity  of  the  nerve  is  caused  by  the  current,  and  if  this 
alteration  is  chiefly  confined  to  the  intrapolar  area  and  its  immediate 
neighbourhood.  I  propose  to  call  an  action  current  conditioned  by  a 
modification  of  conductivity  which  is  not  permanent  and  therefore  not 
due  to  injury,  a  secondary  action  current.  These  currents  may 
be  small  or  they  may  be  large,  but  they  must  arise,  and  must  take  part 
in  the  stimulation  deflection. 

Finally  a  true  electrotonic  variation  in  Bernstein's  and  Her- 
mann's sense  may  be  present,  and  this  both  in  the  extrapolar  and 
intrapolar  regions. 

There  is  ample  evidence,  as  Hermann  shewed  long  ago,  that  the 
conductivity  is  reduced  around  the  cathode  even  with  comparatively 
weak  currents,  and  that  the  condition  deepens  into  utter  impassability 
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wheu  the  current  is  increased.  There  is  no  such  direct  evidence  of  an 
iucroaso  of  conductivity  around  the  anode.  But  there  is  direct  evidence 
that  tlie  conductivity  is  greater  around  the  anode  than  around  the 
cathode,  at  least  for  moderately  strong  streams,  and  this  is  all  that  is 
required  to  condition  a  positive  secondary  action  current  in  the  intra- 
polar  area.  So  long  as  there  is  a  difference  in  favour  of  the  anode,  it 
matters  not  whether  its  absolute  conductivity  is  above  or  below  the 
nonnal.  So  far  then  as  the  direction  of  the  intrapolar  effect  is  con- 
cerned, it  may  be  entirely  a  secondary  action  current.  Its  quantititivo 
relations  are  also  explained,  at  least  above  the  point  where  the  cathodic 
depression  begins  to  shew  itself.  For  its  maximum,  with  extrapolar 
stimulation  on  the  anodic  side  and  for  intrapolar  stimulation,  is  reached 
with  something  like  the  current  density  which  gives  full  cathodic  block. 
Since  the  conductivity  around  the  anode  is  continuously  diminishing 
after  this,  tlie  difference  between  it  and  zero  (the  cathodic  conductivity) 
can  never  be  greater. 

The  direction  of  the  negative  extraj^olar  effect  on  the  side  of  the 
cathode  can  be  explained  in  the  same  way.  But,  if  the  negative 
variation  on  the  anodic  side  is  an  action  current,  it  is  necessary  to 
assume  that  the  conductivity  of  points  nearer  the  anode  is  greater  than 
that  of  points  farther  away,  that  is,  practically  Hermann's  law  of 
]K>)ari8«ation  increment.  This  is,  indeed,  a  legitimate  assumption,  but 
as  I  have  said,  there  seems  to  be  no  direct  evidence  in  its  favour.  A 
change  of  polarisation  constant  is,  therefore,  ecjually  in  court.  But  as 
the  current  is  increased,  the  conductivity  diminishes  around  the  anode 
and  in  the  intrapolar  region  generally.  On  any  hypothesis  the  time  will 
come,  when  an  extrapolar  point  remote  from  the  anode  will  have  a 
greater  conductivity  than  the  anode  itself  or  a  point  close  to  it.  This  is 
the  ncccssaiy  condition  for  a  positive  secondary  action  current  in  the 
anodic-  area.  This,  if  we  suppose  the  direction  of  the  electrotonic 
variation  to  be  unaffected,  will  come  into  conflict  with  the  latter,  and  it 
is  the  difference  of  the  two  which  the  galvanometer  will  shew.  When 
there  us  complete  block  at  the  anode  the  difference  of  conductivity 
between  the  two  points  will  be  as  great  as  it  can  be,  unless  we  assume 
that  the  c(>n<luctivity  may  increase  at  the  point  wliich  is  more  remote. 
This  is  the  condition,  then,  which  will  determine  the  maximum  of  the 
positive  secondary  action  current  But  if  w  =  «-f  y,  u  may  be  negative 
if  X  and  y  are  both  negative ;  or  if  x  is  positive  and  y  negative,  but  y 
greater  than  x.  Again  u  may  be  positive  if  x  and  y  are  both  positive ; 
or  if  X  is  positive  and  y  negative,  but  x  greater  than  y.     In  our  case  u, 
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the  observed  deflection,  is  negative  with  the  weaker  currents,  positive 
with  the  stronger ;  and  we  have  to  consider  the  reason  of  the  change  of 
sign.  Whatever  the  explanation  of  the  negative  electrotonic  variation 
may  be,  I  do  not  think  that  it  is  mainly  a  secondary  action  current.  It 
occurs  when  the  led  off  area  is  far  from  the  polarising  circuit,  and  with 
weak  currents.  Hermann  has,  indeed,  supposed  that  his  law  of  polari- 
sation increment  was  necessary  to  explain  the  difference  in  aniouuL 
between  the  anodic  and  cathodic  variations;  but  be  does  not  now 
maintain  that  this  is  the  essence  of  the  phenomenon. 

We  have  seen  that  even  when  the  galvanometer  and  battery  circuits 
touch  each  other  by  a  common  electrode,  the  variation  on  the  side  of 
the  anode  is  still  negative  with  the  weaker  currents.  On  the  side  of  the 
cathode  the  variation  is  always  negative,  but  it  seems  to  be  less  when 
the  led  off  area  is  very  near  the  battery  circuit  than  when  it  is  farther 
away  (Experiments  21  and  22).  This  is  the  opposite  of  what  happens  with 
the  positive  anodic  variation.  Now  the  secondary  action  current  is 
negative  on  the  cathodic  side,  and  must  necessarily  be  greater  when  the 
two  circuits  are  close  together.  The  idea  arises  that  there  may  be  a 
positive  variation  which  opposes  this  action  current,  and  keeps  it  down, 
although  it  is  not  strong  enough  to  reverse  it. 

On  the  anodic  side,  as  the  pole  becomes  impassable,  the  negative 
variation  changes  into  a  positive  variation,  which  is  generally  much 
larger  than  the  cathodic  effect.  The  secondary  action  current  is  here 
positive,  and,  if  there  is  a  positive  electrotonic  variation,  it  would  add 
itself  to  this.  What  reason  is  there  for  supposing  that  a  true  positive 
electrotonic  effect  is  developed  ? 

On  the  theory  that  stimulation  produces  a  eliango  in  the  axpacity  for 
polarisation  it  is  not  difficult  to  see  how  an  excitation  which  only  affects 
the  extrapolar  region,  and  especially  an  excitation  which  fails  to  reach 
the  part  of  this  region  next  the  polarising  circuit,  would  cause  a 
strengthening  of  the  electrotonic  twig*.  Now,  under  the  conditions  of 
our  experiments,  this  was  nearly  always  the  state  of  affairs  on  the  side  of 
the  cathode,  and  the  same  is  true  of  the  anodic  side  for  currents  which 
gave  the  positive  variation.  A  positive  electrotonic  variation  is,  there- 
fore, what  we  might  expect 

But  there  is  some  more  direct  evidence.  The  after-effect  is  positive 
on  the  anodic  side,  negative  on  the  cathodic,  that  is  it  has  the  same  sign 
as  the  stimulation  effect  during  the  flow.  If  the  after-effect  is  due  to  a 
secondary  action  current,  the  changes  of  conductivity  which  cause  such 

'  SoQ  Hermann,  Pfliigor*8  Archiv,  Bd.  xlii.  loc.  cit. 
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currents  during  the  flow  must  be  supposed  to  persidt  for  some  time 
after  opening.  We  shall  sec  that  there  is  plenty  of  evidence  that, 
after  opening  a  sti'ong  current,  the  conductivity  is  depressed  around  both 
anode  and  cathode,  if  the  time  of  closure  has  been  more  than  a  fraction 
of  a  second. 

In  the  above  observations  the  time  of  closure  varied  from  twenty 
seconds  up  to  several  minutes,  and  the  conditions  were,  therefore, 
favourable  for  the  persistence  of  the  modifications  present  during  the 
How.  The  aftcr-cflbcts  may  he  provisionally  regarded  as  representing  the 
secondary  action  currents.  This  will  only  be  an  approximation^  because 
the  effects  fall  away  continuously  with  the  time  after  opening ;  but  they 
do  not  fall  away  very  fast. 

If  now  the  positive  anodic  variation  during  the  flow  is  the  sum  of  a 
positive  electrotonic  variation  and  a  secondary  action  current,  the  after- 
effect may  be  expected  to  be  smaller  than  the  combined  effect.  If  the 
cathodic  negative  variation  during  the  flow  represents  a  negative  second- 
ary action  current  diminished  by  a  positive  electrotonic  variation,  the 
after-effect  may  be  expected  to  be  greater  than  their  difference.  On  the 
whole  this  is  the  behaviour  which  has  been  observed,  as  is  illustrated  by 
Experiments  14  a,  14  b,  17  and  19*.  Experiment  18,  indeed,  shews  in  one 
or  two  cases  a  positive  after-effect  a  little  larger  than  the  positive 
variation  during  the  How.  This  may  bo  bod'iuse  the  conductivity  whh 
more  doprcKsiHl  at  the  anode  after  than  before  tlie  o])ening,  as  may  well 
hapi)eu.  13ut  generally  the  after-effect  is  decisively  smaller.  Again  the 
cathodic  after-effect  may  occasionally  be  less  than  that  during  the  flow. 
But  this  is  chiefly  with  weak  currents,  and  we  shall  see  that  it  is  only 
after  the  stronger  currents  that  the  depression  of  conductivity  persists  at 
the  cathode.  As  has  been  pointed  out,  the  after-effect  can  in  any  case 
be  regarded  only  as  an  indication,  in  exceptional  circumstances,  of  what 
happens  during  the  flow.  In  order  that  it  may  indicate  this  aright,  the 
conditions  must  be  such,  that  the  state  of  affairs  during  the  flow  persists 
for  some  time  after  opening  the  current.  In  my  experience  a  long 
period  of  flow  is  the  most  important  of  these  conditions,  but  the  strength 
of  the  current  is  also  of  importance.  It  is  only  for  the  extrapolar  regions 
that  the  conditions  can  be  realised. 

On  the  whole,  although  I  do  not  wish  to  press  the  point,  there  is  a 
good  deal  of  evidence  in  favour  of  the  existence  of  the  positive  electro- 
tonic variation.     If  we  take  the  analogy  of  the  negative  electrotonic 

>  Tlio  results  cannot  be  due  to  difterenoo  of  excitability  at  the  point  of  stimulation 
during  and  after  tlio  (low.  Any  effect  which  this  might  have  would  rather  be  in  the  oppo- 
site direction. 
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variation  as  a  guide^  it  is  not  difficult  to  see  why  the  secondary  action 
current  in  the  cathodic  area  should  be  able  to  master  the  electrotonic 
variation,  because  the  latter  may  be  expected  to  be  much  smalter  than 
that  on  the  anodic  side. 

The  conclusion  I  come  to  is  that  the  stimulation  effects  during 
the  flow  of  the  polarising  current  cannot  be  explained 
entirely  as  secondary  action  currents,  but  are  probably 
due  to  the  superposition  of  such  currents  on  electrotonic 
variations.  How  the  latter  differ  from  ordinary  action  currents  it 
is  difficult  to  say.  The  main  factor  in  their  production,  at  least  under 
the  conditions  of  my  experiments,  is  the  excitation  of  the  led  off 
area  itself.  When  this  is  cut  off  from  the  stimulus  by  a  block 
which  does  not  prevent  the  spread  of  electrotonus,  for  example  the 
cathode  of  the  polarising  current,  the  stimulation  effect  is  absent. 
Experiments  tSl  and  33  are  apparently  against  this  view.  But  the 
deflections  there  are  very  slight;  and  even  if  we  admit  that  a  small 
effect  may  be  caused  without  excitation  of  the  actual  area  led  off,  this 
docs  not  weaken  the  evidence  which  shows  that  such  exciUitiou  is  tlie 
chief  factor.  It  is  very  suggestive  that  none  of  the  stimulation  effects, 
so  far  as  my  experience  goes,  exceeds  in  amount  the  maximum  puuilivo 
polarisation  deflection  in  the  intrapolar  region,  or  the  main  anodic  after- 
current in  the  extrapolar.  They  are  very  far  from  increasing  indefinitely 
with  increase  of  the  polarising  stream.  Everything  indicates  that  they 
are  functions  of  a  physiological  rather  thau  of  a  physical  property  of 
the  nerve.  They  may,  however,  be  functions  of  a  physiological  change 
in  a  physical  property.  This  would  explain  why  they  should  tend  to  a 
limit,  but  not  why  that  limit  should  be  the  one  indicated  by  processes 
which  are  probably  purely  physiological. 

IV.    Observations  after  opening  the  polarisinq  current  when 

THE  WHOLE  INTRAPOLAR  AREA  IS  LED  OFF  TO  THE  GALVANOMETER. 

1.    Stimulating  electrodes  extrapolar. 

So  far  as  I  know  the  first  systematic  investigation  of  this  subject 
was  a  paper  published  by  me  in  this  Journal,  Vol.  IX.  p.  26  &c.,  of  which 
a  preliminary  notice  was  read  before  the  Royal  Society  of  Edinburgh  in 
April  1887. 

It  has  been  pointed  out  to  me,  that  a  year  before  this  Mr  Gotch 
demonstrated  to  the  Thysiological  Society  in  Oxford'  "the  polarising 

'  This  Journal,  Vol.  vu.  188C,  {Vrm,  of  Physiol.  Soc,  Mar.  20). 
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effect  produced  on  nerve  by  the  brief  passage  of  an  electric  current 
tluoiigh  it,  and  the  diminution  in  this  effect  caused  by  the  active 
state  of  the  tissue."  This  of  course  proves  that  Mr  Qotch  knew  of  the 
direction  of  tlio  intiapohir  effect  a  ycai*  before  my  paper  was  published. 
Hermann,  as  I  subsequently  found,  had  previously  observed  traces  not 
only  of  this  effect,  but  also  of  a  negative  variation  in  the  extrapolar 
regions,  during  some  investigations  on  the  stimulation  effect  during  the 
flow^ 

But  he  had  only  done  so  casually,  in  the  intervals  between  his  main 
experiments;  and,  although  he  observes  that  these  effects  are  probably 
always  present  after  polarisation,  he  does  not  seem  to  have  gathered  any 
notion  of  their  real  magnitude.  The  explanation  of  them  he  expressly 
declines  to  discuss  until  he  has  settled  the  true  nature  of  the  chief 
phenomena  of  his  experiments,  the  stimulation  effects  during  the  flow 
namely.  So  late  as  1883  du  Bois  Reymond  says  '*  wenn  der  positive 
Polarisationsstrom  wahrend  der  Dauer  des  polarisirenden  Stromes  durch 
Tetanus  des  Nerven  verstiirkt  wird,  dies  wahrscheinlich  auch  mit  dem 
positiven  Nachstrome  der  Fall  sein  wirdV 

The  special  object  of  this  part  of  the  work  was  to  ascertain  if  it 
made  any  difference  in  the  amount  of  the  stimulation  effect,  whether 
the  excitation  had  to  pass  the  anode  or  the  cathode. 

It  is  not  necessary  to  enter  into  details  as  to  the  arrangements,  as 
this  has  already  been  done  in  iny  previous  papers.  The  polarising 
current  having  been  opened,  the  nerve  was  thrown  at  once  into  circuit 
with  the  galvanometer;  the  polarisation  deflections  were  read  off;  and,  as 
soon  as  the  image  had  become  sufficiently  steady,  stimulation  was  made 
and  the  effect  noted.  Whenever  a  quantitative  comparison  was  intend- 
ed, the  same  interval  was  allowed  between  opening  the  polarising 
circuit  and  stimulation  in  every  observation.  In  measuring  the  time  of 
flow,  I  did  ]iot  use  the  automatic  arrangement,  described  in  my  first 
paper,  for  the  shortest  periods.  It  was  all  done  by  the  watch  and 
metronome.  Irregularities  are,  of  course,  unavoidable,  but  they  do  not 
introduce  any  serious  error,  when  spread,  over  a  whole  series  of  observa- 
tions; and  what  is  lost  in  accuracy  is  more  than  made  up  for  in 
convenience.  In  some  of  the  experiments  it  was  desirable  that  there 
should  be  no  interval  between  the  commencement  of  stimulation  and 
the  opening  of  tlie  polarising  cuiTcnt.  Here  two  observations  of  the 
polarisation  deflections  were  made,  one  while  the  nerve  was  at  rest,  the 

>  PfUlger*8  Arehiv,  Bd.  xlii.  p.  246,  1881. 

'  SUzungsh.  der  KgU  Preius.  Akademie  der  WissetueJuiften,  1883,  Bd.  i. 
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other  while  it  was  being  tetanised     In  the  latter  case  the  stimulation 
effect  would  bo  added  algebraically  to'  the  polarisation. 

Unless  it  is  otherwise  stated,  the  stimulating  electrodes  were  at  the 
central  end  of  the  nerve.     Experiments  34  to  39  are  examples. 

We  see  hero  that  the  stimulation  effect  may  fail  altogether  after 
the  opening  of  a  strong  current,  if  the  excitation  has  to  pass  the  anode ; 
while,  if  it  has  only  to  pass  the  cathmlc,  wo  may  have  a  lai'gu  effect. 
We  interpret  this  as  meaning  that  the  conductivity  around  the  anode 
is  less  than  that  around  the  cathode  soon  after  the  opening  of  such  a 
current  We  shall  see  later  on  that  this  is  especially  true,  when  the 
time  of  flow  is  short.  Even  where  the  effect  appears  after  descending 
current,  it  is  in  general  less  than  after  ascending.  Occasionally  after  \ 
the  sign  of  the  effect  is  positive. 

EXPBRIMBNT   34. 


PolarisiDg 
euirent. 

Time  of  flow. 

Polariaation  de- 
flection. 

Stimulation 
effect. 

Very  short  time  of  flow  means 
not  more  than  i". 

7T)^ 

very  short 

-    701 
+    85/ 

-30 

Stimulus  100 

10  Df 

99 

-110| 

+  190/ 
-   75             1 
+  out  of  field 

0 
-15 

„        200  (this  stimulus 
was  quite  effectuid  before) 
Stimulus  200 

»     * 

>f 

-1501 
+  195/ 

+  10 

In  r  0 

»     f 

-35 

Experiment  35.     Here  the  polarisation  deflections  were  taken  firat  while 
the  nerve  was  at  rest,  and  again  while  it  was  being  tetanised. 


Polarising 
current. 

Time. 

Tetanus. 

Best. 

10  D{ 

very  short 

-2G5) 
+  270 

-170] 
+  260 

' 

Stimulus  100 

10  Df 

»> 

-100] 
+  310 

■ 

-   951 
+  426J 

» 

>» 

lODf 

»f 

-110 
+  335 

► 

-   90[ 
+  3G5 

10  D| 

» 

-3701 
+  270/ 

-1901 
+  275/ 

10  Df 

)i 

-  1101 
+  348/ 

-1001 
+  395/ 
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EXPERIHEKT   36. 

PolariFing 
onrrcut. 

Time. 

Stimnlatiou 
effect. 

10  D 
10  D 
10  D 
10  D 

1 

' 
1 

1 

very  short 

0 

0 

-15 

-25 

Stimulus  100 
r  after  opening  polai-ising  current 

Experiment  37.     Short  time  of  flow  meaus  not  more  than  ^"  nor  loss 
tlian  J". 


Polarising 

TitnA 

Stimulation 

ourrent. 

AAUIO. 

effect. 

, 

6D  j 

Short 

-    30 

Stimulus  140 

6D 

19 

-186 

»> 

6D 

5" 

-   48 

In  2'  after  opening  current 

CD 

5" 

0 

Tendency  to  move  in  iK>sitive  direction 

In  V  -  30 

10  D| 

1" 

0 
In  r-5 

10  Df 

1" 

-45 

EXPKIIIMBNT   38. 


Polarising 

Tim  A 

Stunnlation 

current. 

XAUIO 

effect. 

Stimulus  140 

12  Dj 

very  short 

+  10 

In   r 

+    2 

lu    2' 

12  Df 

9> 

-84 

In  30" 

-45 

2' 

-25 

3' 

-18 

4' 

-10 

5i' 
T 

-  7 

-  5 

9' 

12  J)  A 

5" 

+  10 

Inl' 

+   3 

2' 

+   5 

4' 

+   6 

0' 

4!)0 
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ExPKSiuBNT  39.  Nerve  waa  cruahed  over  lower  polarising  electrode. 
Thero  is  now  a  strong  ascending  cuiTent  in  nerve,  and  on  stimulation 
180  divisions  of  negative  variation. 


Polarising 

Tiini» 

Stimulatiou 

current. 

A  AUIC 

effect. 

12D| 

short 

+    10 
+    45 
+  165 
+  175 

In  30"    after  opening. 

H' 

6' 

12Df 

short 

-210 
-185 
-153 
-190 
-192 

1'    after  opening. 
3' 

4' 

r 

9' 
Repeated  crusJiing.    Negative  variation  now 

207. 

12Df 

short 

-201 
-195 

In  30"  after  opening. 

-198 

12D  j 

short 

+    15 
+  80 

30" 
3*^ 

+  205 

+  204 

4' 

Experiment  24  is  very  instructive  and  it  will  be  well  to  discuss  it 
briefly  here  leaving  the  others  to  be  dealt  with  later  on.  It  is  plain 
that  after  the  descending  current  the  positive  deflection  got  on 
stimulation  represents  the  negative  variation  in  the  ordinary  sense; 
and  wo  may  suppose  that  the  excitation  is  blocked  at  the  auocio, 
and  that  the  block  gradually  gives  way.  We  know  from  the  other 
experiments  in  this  group  that  there  is  no  negative  effect  after  a  strong 
descending  current,  so  that  we  cannot  suppose  that  the  smallness  of  the 
positive  deflection  here  in  the  first  minute  or  two  after  opening  the 
current  is  due  to  an  opposing  negative  effect  The  positive  deflection 
is  therefore  in  this  case  a  measure  of  the  conductivity  of  the  nerve 
around  the  anode.  And  it  never  attains  a  higher  value  than  the 
original  negative  variation.  But  we  might  suppose  that  in  the  case  of 
the  ascending  current  we  ought  to  get  the  original  negative  variation 
added  to  the  negative  deflection  caused  by  stimulating  the  polarised 
nerve.  The  apparent  negative  stimuhition  effect  ought  then  to  be  very 
much  larger  than  the  original  negative  variation.  We  see,  however,  that 
it  is  only  a  little  larger  after  the  first  crushing,  and  actually  somewhat 
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smaller  after  the  second.  The  reason  is  no  doubt  this.  The  excitation, 
passing  the  region  of  the  cathode  freely,  is  blocked  in  the  uninjured 
nerve  as  it  nears  the  anode  after  the  opening  of  a  strong  current.  It  is 
cflFectually  blocked ;  but  it  cannot  be  more  eflFcctually  blocked  than  it 
is  by  the  crushing  of  the  injured  nerve.  In  other  words  in  the  nerve 
which  has  been  crushed  over  the  anode  the  nerve  impulse  and  the 
negativity  which  is  bound  up  with  it  develope  a  certain  strength  upon 
the  cathode,  but  fall  away  to  nothing  on  the  anode.  Again  in  the 
uninjured  strongly  polarised  nerve  they  develope  on  the  cathode  a 
ccrtiiin  strength  not  dilfcring  probably  very  much  from  that  developed 
in  the  unpolarised  nerve;  and  on  the  anode  this  also  as  we  have  seen 
falls  away  to  nothing.  Accordingly  the  difference  of  potential  between 
cathode  and  anode  will  be  pretty  nearly  the  same  in  both  cases,  and 
therefore  the  deflection  produced  by  stimulation  will  be  nearly  the 
same. 


2.    Stimulating  electrodes  intrapolar. 

The  circuit  of  the  secondary  coil  was  only  closed  after  the  opening 
of  the  polarising  current 

EXPEKIMEKT  40. 


Folarieing 

Timo  of 

Polarisn- 

stimula- 

ourreiit. 

flow. 

iious. 

tion  cfleot. 

2Dt 

5" 

-125 

-  12 

Two  nerves  in  reverse  order. 

2D{ 

5" 

-151 

-     7 

Distance  between  polarising  elec- 

5Dt 

1" 

-1081 

-     9 

trodes  26  mm. 

+    241 

* 

Stimulating  electrodes  in  middle 

51)  j 

1" 

-1301 
+    35 

Ik 

-  10 

of  intra|K>lar  region. 

5Df 
5D| 

0" 

-375 

-  14 

6" 

-345 

-  13 

12D| 

short 

-2on 

+  190 

-  31 

12Dj 

1 

short 

— 

— 

lOT), 

p 

5" 

—  00 

-  25 

lODj 

i 

5" 

—  00 

-44 

7D| 

i" 

-1401 
+    52 

-  19 

7Df 

i" 

-102\ 
+    G8J 

-  14 
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ExPEEItfENT   41. 


Polarising 
cuirent 


Time  of 
flow. 


5D| 
6Df 
8Df 
8D| 
12D| 
12  Df 

12  D  I 

5D 
5D 
5D 
5D 


n 


It 


II 


II 


i' 
i' 

¥ 
i" 

15" 
15" 
15" 
15" 


Polarisa- 
tion defleo- 
tiona. 


} 


-  70 
+  63 

-  77 
+  32 
-111 
+  92J 
-102) 
+  140J 
-1371 
+  233/ 
-1401 
+  305; 
-137\ 
+  272/ 

—  00 

—  00 

—  00 

-  00 


stimula- 
tion effect. 


-  7 

-  5 

-  16 

-  26 

-  31 
-35 

-  37 

-  9 

-  14 

-  12 

-  10 


Only  |>art  of  nervo  below  brandies 
for  thigh  used. 

Distance  between  polarising  elec- 
trodes 16  mm. 

Stimulating  electrodes  in  middle 
of  intrapolar  region. 


Here  it  will  be  seen  that,  on  the  whole,  the  direction  of  the 
polarising  current  is  without  influence  on  the  amount  of  the  stimulation 
deflectioa  Small  differences  there  are,  but  they  eliminate  each  other ; 
for  sometimes  after  the  ascending  current  the  stimulation  effect  is  a  few 
divisions  more  than  after  the  corresponding  descending  current,  some- 
times it  is  the  opposite  which  happens.  These  small  irregularities  are 
no  doubt  partly  due  to  the  difficulty  of  regulating  the  time  of  closure, 
when  it  is  short,  by  the  metronome.  There  is  no  reason  why  with 
symmetrically  placed  electrodes,  uniform  cross  section  of  the  nerve,  and 
median  stimulation,  the  stimulation  effect  should  depend  on  the  direc- 
tion of  the  current,  unless  there  arc  differences  of  oxcitaibility  and 
conductivity  to  begin  with  in  different  parts  of  the  piece  of  nerve  used. 
If  there  arc  such  differences,  if,  for  example,  the  nerve  is  cnishod  or 
seared  over  one  of  the  polarising  electrodes,  then  we  should  expect 
from  the  previously  qiioted  results,  to  find  that  when  this  electrode  is 
the  anode  the  stimulation  effect  should  be  less  than  when  the  other 
electrode  is  the  anode.  For  we  have  seen  that,  at  least  for  short 
closure  time,  it  is  around  the  anode  that  the  conductivity  is  most  lowered 
after  the  opening  of  the  polarising  current,  and  the  conductivity  of  the 
crushed  part  of  the  nerve  cannot,  of  course,  be  affected.  Experiment 
42  shews  what  happens  here. 
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ExPBiiuiENT  42.     Norve  crushed  over  lower  polariBi'ng  olcctixxle. 


rolnrisiiif^ 
cuiTcnt. 

Thiio  of 

flow. 

]V)anHalion 
(lullcclioMH. 

SLiiniilation 
oJTrcfc. 

18D  j 
18Dt 
18Dj 
18  Df 

very  short 

it 

-255\ 
+  240/ 
-1971 
+  202J 
-1521 
+  249/ 
- 189) 
+  170/ 

-19 

-  7 
-17 

• 

-  8 

Tlic  stinmlation  effect,  it  will  be  observed,  is  rather  more  than  twice 
a8<^roat  with  \  as  witli  \  ;  that  is  to  say,  it  Ls  important  that  the  anode 
should  bo  on  an  iniin jiircd  part,  if  a  large  elToct  is  to  bo  got.  A  short 
time  of  flow  was  used  here,  because  with  a  long  time  of  flow  we  know 
that  the  conductivity  around  the  cathode  remains  depressed,  and 
therefore  the  difference  could  hardly  be  expected  to  be  so  great. 


V.     OnsKUVATIONS  AFTKU  OPENING  THE  POLARISING  CUllUENT,  WUEllE 
AN   EXTUAPOLAU  KKGION   IS   LED  OFF  TO  TUE  GALVANOMEl'Ei;. 


1.     Stiniidating  electrodes  extrapolar. 

The  stimulating  electrodes  wore  as  usual  at  the  central  end  of  the 
nerve.  In  Experiments  43 — 49  there  was  an  electrode  common  to  the 
galvanometer  and  polarisiiig  circuits.  The  sign  of  the  stimulation  effect 
is  reckoned  as  before  with  reference  to  the  direction  of  the  polarising 
cunent  in  the  nerve. 

When  the  polarising  current  is  ascending,  we  get  a  cathodic  after- 
current in  the  same  direction;  when  the  polarising  current  is  descending, 
the  main  anodic  after-current  in  the  opposite  direction  is  the  one  which 
affects  the  galvanometer.  (The  preliminary  kick  in  the  direction  of 
the  polarising  current,  which  Hermann  has  investigated,  was  seen  ;  but 
it  is  very  transitory.) 


404 


C.  K  STEWART. 


£XPKRII[BNT    43. 


Polarising 
currant. 

Time  of  flow. 

Stimalation 
deflection. 

61)  J 

very  short 

+  25 

Stiiiiulus  200. 

61) 

»> 

-10 

ft 

CD 

}i 

+  17 

91 

6D 

II 

0 

fl 

6D| 

)t 

+  23 

99 

12D 
12D 

i> 

-    6 

»» 

M 

+    6 

>> 

+  38 

Stimulus  140. 

+    8 

In  2'. 

12  Df 

very  sliort 

-11 

Stimulus  1 10. 

12  DJ 

n 

+  16 

9) 

Experiment  44. 


Polarising 
current. 

Time  of  flow. 

Tetanus. 

Best. 

CDj 

very  short 

-186 

6T>\ 

}> 

+      7\ 
-201  ' 

CDf 
6D 

i» 

+    15 

+    12 

1" 

+    40 

+   28 

GD| 

+    30\ 
-150/ 

+    10\ 
-l«Of 

/ 

Stimulation  in  30"  gives  +  25. 

6DJ 

1 

+   40 

Stimulus  140. 

6D 

1 

0 

>y 

f)D 

1 

V 

+   65 

>} 

EXPBRIKRNT   45. 


Polarifiing 

Time  of 

Stimulation 

current. 

flow. 

deflection. 

6Df 
6D 

2" 

+  10 

Stimulus  140. 

2" 

+  55 

»» 

+  20 

Inl'. 

6Df 
CD 

0 

30" 

+  37 

+  35 

Tnl'. 

0 

Ill  3'. 

6D| 

10" 

+  72 

+    7 

In  2'. 
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Experiment  46. 


rolnriHiiig 

Tiiiio  of 

Stitnnlation 

current. 

flow. 

deflection. 

G  D  1 

10" 

+  48 

Stiiuiilus  140. 

IDv 

30" 

+    4 

)) 

ID 

1 

30" 

+    3 

>» 

3D 

r 

30" 

+    7 

>) 

6D 

1 

30" 

-15 

}> 

Experiment  47.     Stimulation  at  distal  end  of  nerve.     Nervo  divided 
from  muscle. 


Polarising 
current. 


6D 
6D 
GD 
GJ) 


Time  of 
flow. 


1" 

1" 

10" 

10" 


Stimulation 
deflection. 


+  30 
-11 
+  20 
-20 


Stimulus  140. 


ICXPEUIMENT   48. 


roliiriHing 
current. 


Time  of 
flow. 


IDA 
31)} 
GDI 


GD 
GD 
GD 
GD 


i\ 


3 

G 

ID 

ID 

ID 


GD| 


ID  j 


30" 
30" 
30" 


5" 
6" 
5" 
6" 
5" 


5" 
30" 

5" 
30" 

3' 


Stimulation 
deflection. 


10" 


3' 


-   3 

+  21 
0 
+  7 
+  45 
+  90 
-25 
+  80 
-34 
+  72 
+  1G 
+  4 
+  3 
-58 
+  2 
+  8 
+  28 

-ao 

-70 
-40 
+  65 
+  40 
+  301 
+  27 
+  11 
+    2 


StimuluR  400. 


InV. 
In  2'. 


n 


>» 


Stimulus  140. 


In  r. 

Ill  3'. 


Til  30". 

Ill  2'. 

In  5'. 

In  r. 

In  2'. 

In  r. 

Ill  2'. 


»» 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 
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After  the  (loHConding  current,  except  in  Experiment  47,  tlic  stimula- 
tion deflection  is  always  in  the  same  direction  as  the  polarising  current, 
or  in  the  opposite  direction  to  the  main  after-current.  After  the 
ascending  stream  the  effect  is,  in  the  first  place,  in  general  far  smaller 
than  after  the  descending;  secondly  it  is  usually,  with  slmrt  lime  of 
flow,  of  negative  sign  with  respect  to  the  direction  of  the  ]>olarising 
current,  i.e.  in  the  opposite  direction  to  the  cathodic  after  current. 
With  longer  time  of  flow,  even  with  comparatively  weak  streams,  it 
becomes  positive  and  therefore  has  the  same  direction  as  the  cathodic 
after-current.  With  a  pretty  strong  stream,  and  a  closure  of  several 
seconds,  the  positive  effect  after  the  ascending  current  may  assume  such 
proi>ortions  as  to  be  of  the  sixme  order  {is  the  effect  after  the  desceniling 
current.     Experiment  48  illustrates  this. 

Exjyeriment  47  shews  that  it  is  not  a  difference  of  ascending  and 
descending  current  with  which  we  have  to  deal.  For,  when  the 
stimulating  electrodes  are  placed  at  the  distal  end  of  the  nerve, 
everything  is  reversed.  It  is  now  after  the  ascending  current  that  the 
large  positive  effect  is  got;  after  the  descending  current  the  effect  is 
not'ative. 

Experiment  49  shews  that  with  the  long  time  of  flow  (2)  the  cHt'ct 
on  the  cathodic  side  may  equal  that  on  the  anodic.  The  great  tenacity 
of  the  modification  on  which  the  effect  depends  is  well  brought  out. 
As  to  the  extrapolar  polarisation  currents,  although  it  is  usually  stated 
that  the  cathodic  current  disappears  very  quickly,  I  am  convinced  that 
this  is  only  true  if  the  time  of  closure  be  short.  With  a  time  of  closure 
of  1'  and  upwanls  and  a  fairly  strong  polarising  stream,  the  cathmlic 
current  seems  to  hold  its  ground  even  more  stiflly  than  the  anodic. 
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EXPERIUKNT    49. 


PolariRing 
currout. 

Time  of  ilow. 

Polarisation 
deflootion. 

Stiinnlation 
effect. 

5D 

1 

very  short 

-     2 

5D 

■ 

» 

+  11 

5D 

1 

5" 

-148 

+  19 

51) 

1 

5" 

+   45 

~     9 

5  1) 
5D| 

5" 

-154 

+  22 

r 

-182 

+  36 

in  r  after  opening 

+  25 

»    2'           „ 

-    10 

+  26 

+  18 

n     S'              n 

0 

5  l)f 

r 

+  102 

-  28 

in  r  after  opening: 

+  125 

-  26 

ij    2'          „ 

+  115 

-  21 

»    3'          „ 

+  105 

-  15 

4' 

+    96 

-  11 

»   6'          „ 

+   81 

-     4 

>i    8'          )i 

+   70 

-    3 

5Dj 

2' 

+   51J 
-154/ 

+  30 

in  l'unxirop<Mnn^ 

-   35 

+  27 

9' 

+      8 

+  21 

+    31 

+  15 

4' 

+   52 

+  10 

„   5' 

+   75 

+    4 

7' 

+   99 

-     2 

9' 

+  121 

-    6 

„11' 

+  120 

-    7 

» 16'           „ 

+  141 

-  11 

5  l)f 

2' 

-  245 

-  31 

in  raflor<)|H)nii)g 

-215 

29 

»    2'          „ 

-199 

-  28 

>>   ^           » 

-188 

-  23 

,,   C' 

-1G9 

-  16 

,,  10' 

-141 

-    4 

„  12' 

-124 

-    1 

,,16; 

-103 

-    4 

„  IS'         ;, 

-   93 

-    6 

51)1 

1" 

-   96 

+  14 

5  1)  f 

1" 

-   30 

-    5 
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2.     Stimulating  electrodes  intrapolar. 

Here  the  large  resistance  B  was  in  the  circuit  of  the  secondary  coil 
in  order  to  prevent  polarisation  currents  from  passing.  This  circuit  was 
open  during  the  flow  of  the  polarising  stream. 


EXPRRIMBNT  50. 


EXPERIMBMT   51. 


Polarising 
curroni. 


St 


5D 

5 

5D 

5D 
10  D 
\0T>\ 
10  Dl 
10  D  J 

5D 

5D 

6D 

5D 
10  D 
lOD 
lOD 
lOD  j 


Time. 


ir 

1-3" 
1-3" 
1-3" 

•5" 

•6" 
very  uliort 

10" 

10" 

30" 

30" 

1-3" 

1-3" 

30" 

30" 

in  1^'  after 

opening 

m2i' 


Polarisa- 
tion deflee- 
tion. 


-  69 
+      6 

-  68 
+  9 
-102 
+  31 
-106 
+  23 
-126 
+  40 
-161 
+   68 

-  95 
+  55 
+  167 
-342 


Stimula- 
tion 
ofToet. 


+  17 
0 
+  19 
-  2 
+  41 
-14 
+  34 
-11 
+  36 
+  4 
+  46 
+  2 
+  28 
-12 
-23 
0 

+  37 
+  33 


Distance  between  polaiising  elec- 
trodes 17  mm. 

Distance  between  galvanometer  elec- 
trodes 9  mm. 

Stimulating  electrodes  in  middle  of 
intrapoloi*  region. 


Polariaing 
cnrront. 


Time. 


Polarisa- 
tion deflec- 
tion. 


Stimola- 
tion  clTock. 


5Dj 

1 

1" 

+    16 

5D 

' 

1" 

-108 

10  Dj 

< 

1" 

+   36 

ID 

• 

1" 

-  202 

Stimulating  electrodes  4  mm.  from 
lower  end  of  intrapolar  area. 

0 
+  39 
-19 
+  45 

Stimulating  electrodes  in  middle 
of  intrapolar  area. 

-  1 

+  25 

-  7 
+  36 


6D  j 

1 

1" 

+     9 

6D 

r 

1" 

-104 

10  D 

1 

1" 

+   21 

10  D  J 

' 

1" 

-182 

Stimulating  electrodes  3  mm.  from 
upper  end  of  intmpolar  area. 

5Df 

5D| 
10  Df 
10  DJ 


1" 

+     7 

+    1 

1" 

-   66 

+  19 

1" 

+   25 

-   7 

1" 

-180 

+  27 

Distance  between  jx)! arising  elec- 
trodes 22  mm. 

Distance  between  galvanometer 
electrodes  9  mm. 
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EXPEBIMENT   52. 


Polarisiug 

Time  of 

Polarisation 

Stimula- 

current. 

flow. 

deflection. 

tion  effect 

unpolarised 

66 

\    Two  nerves  in  reverse  order : 

10  Df 

1" 

+  25 

56 

cinisliod  over  u]>por  galva- 

iiiipolariKod 

tm; 

nonioUu'  oloiitroilo. 

5l)f 

5" 

-1-  25 
unpolariscil 

46 
51 

Stinuilus  85. 

5D  j 

5" 

-118 

22 

in  3' 

49 

J 

unpolarised 

174 

Stimulus  increased  to  50. 

12  Dj 

1" 
in  V 
3' 
5' 

-221 

68 
109 
147 
155 

UDk 

1" 
in  r 
3' 
5' 

+  41 

116 
119 
141 
122 

12  Dj 

5" 

in  r 

-360 

16 
52 

2' 

-72 

102 

3' 

110 

5' 

143 

12  Df 

5" 

in  r 

in  3' 

H-  1 34 

89 
115 
123 

12  Df 

15" 
in  45" 

+  280 

34 
40 

2' 

61 

• 

4' 

60 

r 

67 

12' 

74 

Distance  between  polarising  electro^les  21  mm 
„  „       galvanometer     „        12    „ 


Here,  as  before,  the  sign  of  the  effect  is  positive  in  the  anodic  area, 
nog:itivo  in  the  cathoilic.  Exporiinonts  50  and  51  shew  that,  with  the 
weakest  currents  there  used  and  not  too  long  a  closure,  there  may  bo 
no  effect  at  all  on  the  side  of  the  cathode.  As  we  increase  the  strength 
of  the  current  or  the  time  of  flow  or  both,  the  cathodic  effect  as  well  as 
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the  anodic  increases,  but  the  former  goes  on  growing  after  the  latter 
has  begun  again  to  decline,  and  ultimately  we  may  have  no  effect  at  all 
in  the  anodic  area  immediately  after  opening  the  current,  while  there  is 
a  large  effect  on  the  side  of  the  cathode.    At  the  end  of  Experiment  50, 
for  example,  10  D  |  closed  for  30''  gave  no  effect  at  first,  but  after  an 
interval  a  large  positive  doHection.     The  absence  of  effect  with  weak 
currents  on  the  cathodic  side,  with  strong  currents  on  the  anodic  side, 
may  be  due  to  the  same  cause,  or  to  different  causes.    If  no  modification 
of  conductivity  be  left  around  either  pole,  then  on  our  theory  there  may 
be  no  stimulation  effect.      On  the  other  hand,  if  complete  block  be 
established  around  either  pole,  the  effect  may  equally  fail.     I  believed 
that  the  effect  was  wanting  on  the  side  of  the  cathode  with  the  weaker 
currents  because  the  modification  of  conductivity  was  slight,  and  that 
precisely  the  reverse  was  the  case  on  the  anodic  side  with  the  strong 
currents.     Experiments,  of  which  52  is  a  type,  were  therefore  made  to 
determine  this  point     The  nerve  was  crushed  over  the  galvanometer 
electrode  which  was  more  remote  from  the  polarising  circuit.      The 
conductivity  here  would  therefore  remain  nil.     The  action  current  of 
the  impolariscMl  ncrvo  wjva,  of  conrst^  very  largo,  antl  iUs  amount  W(>nhl 
depend  upon  the  intensity  with  which  the  excitation  passed  the  other 
galvanometer  electrode,  which  was  common  to  the  two  circuits.    Changes 
of  conductivity  around  this  electrode  would  be  shewn  by  changes  in  the 
amount  of  the  stimulation  effect,  if  the  excitability  at  the  stimulated 
point  were  constant.    With  stimulation  in  the  middle  of  the  intrapolar 
area,  the  difference  between  the  action  of  the  two  poles  would  appear.    It 
will  bo  seen  that  the  stimulation  deflection  was  always  in  the  same  direc- 
tion in  the  polarised  and  unpolarised  nerve.     It  was  always  diminished 
just  after  opening  the  polarising  current,  but  it  was  in  general  far  more 
diminished  after  the  descending  than  after  the  ascending  current ;  and 
with  12  D  I  passed  for  5"  it  almost  disappeared.    With  12  D  |  passed  for 
15"  it  was  also  very  greatly  diminished.     This  is  just  the  behaviour  we 
should  expect,  if  our   theory  is  correct.      And  here,  as  with  the  intra- 
polar effect,  the  amount  never  exceeds  that  of  the  full  action  stream. 
The  action  current  is  diminished,  never  reversed.     That  the  cathode 
after  long  passage  of  a  strong  current  leaves  behind  it  a  depression 
comparable  to  that  left  behind  by  the  anode,  we  have  already  had 
abundant  proofs.      Some  more  will  be  furnished  later  on.      Experiment 
51   shews  that  the  direction  of  the  effect  does  not  depend  on   the 
stimulation  being  median,  although  the  amount  may. 
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VI.  OllSKUVATroNS  AFTKU  Ol^KNINO  THE  POIiAUISlNa  CURRENT  WJIKN 
TiriC  INTRA-  AND  KXTRAUOLAR  KKOIONS  ARK  LED  OFF  AT/rKU- 
NATELV  TO  THE  (JAI.VANOMICI'Ell,  THE  STIMUfATING  ELKCTRODKS 
BEING   EXTRAPOLAR. 


Fig.  G  shews  the  arrangements  in  outline. 


Fio.  6. 


C7  is  a  Pohl's  commutator  without  crosfl  wires  by  means  of  which  either  extra-  or 
iiiim|N)1iir  region  oou1<l  bo  connoctod  with  tho  (i^lvanomctcr  C7.  K  is  a  double  paraOin 
kity  whi«'.h  cloHtnl  Iho  KtiivHiiomotoi-  circuit  iiniiuHlialoly  aRcr  oimmudk  tho  battery  l\, 

C  iH  a  cuiii|)oiiHator  to  bahiiuso  tho  current  of  roHt. 


Experiment  52  a. 


Stimulation  effect. 

Polarising 
current. 

Time  of  flow. 
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-22 

5D, 

' 
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-47 
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Experiment  53. 


Polarising 
onrront. 


6D| 


10D{ 


Timo  of  flow. 


Stimnlftiion  effoot. 


Extrapolar. 

Intrai)olar. 

uni)olari8ed    50 

+  29 

25 

36 

+  13 

42 

47 

0 

58 

un|)o]ari8ed  105 

+  36 

16 

+  28 

25 

34 

+  25 

44 

+  24 

73 

r 

inl' 
2' 
3' 
5' 

r 

in  r 
2' 
3' 
4' 
6' 


Siimo  distances  as  iu  Ex})ci*inicnt  52  a. 
Two  norvos  in  rovorso  order.     Gross  section  on 
lowest  i)o]ariuiug  electrode. 


I  forbear  from  quoting  more  of  the  experiineuts,  as  the  paper  is 
already  unduly  lengthened.  The  general  result  is  that  a  large 
extrapolar  effect  is  associated  with  a  small  intrapolar  effect, 
and  vice  versd..  Thus,  in  Experiment  52,  after  5  D|  the  extrapolar 
effect  is  at  its  height  immediately  after  the  current  is  opened,  and 
falls  continuously  away ;  the  intrapolar  effect  increases  for  some  time 
after  opening  the  current.  This  increase  would  be  explained  by  the 
fact  that  the  cathodic  block  does  not  last  so  long  as  the  anodic.  The 
former,  after  such  a  long  closure  time  as  1',  would  at  first  cut  down 
tho  excitation  greatly;  later  on  the  excitation  would  pass  freely  into 
the  intrapolar  region,  but  not  freely  over  the  ano<lic  area.  In  Experi- 
ment 53  the  full  action  stream  in  the  intrapolar  area  is  never  reversed. 
Immediately  after  opening  the  descending  current  it  is  greatly  reduced, 
with  10  D  I  almost  abolished.  It  increases  continuously  with  the 
interval  from  the  opening  of  the  current,  and  regains  its  former  amount 
Tho  extrapolar  etfoct,  as  before,  is  at  its  maxinuun  immediately  after 
opening. 

What  is  the  cause  of  tho  stimulation  effects  after  opening  the  polaris- 
ing current  ?    Are  they  secondary  action  currents,  such  as  we  assumed 
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m  discussing  the  variatioDS  during  tlic  flow,  or  are  they  due  to  some 
change  in  the  capacity  of  the  nerve  for  polarisation,  connected  with  the 
functional  activity  of  tlie  axis  cylinder  ?  It  is  not  easy  to  see  how  the 
latter  hypothesis  could  explain  the  results,  even  if  we  had  any  direct 
evidence  in  its  favour.  In  the  first  place,  the  stimulation  effect  in  the 
intrapolar  area  is  in  the  direction  of  a  diminution  of  the  positive 
polarisation  deflection.  Assuming  the  existence  of  a  true  positive 
polarisation,  we  might  suppose  that  the  excitation  caused  a  partial 
(l(!|)oIarJsation.  Jiut  it  would  be  necessary  to  suppose  further  that,  after 
the  stimulation  luul  coiuscd,  the  positive  polarisation  was  reestablished, 
except  so  far  as  it  would  have  fallen  away  had  the  nerve  not  been 
excited.  For  separate  experiments  have  shewn  that  the  positive 
deflection  takes  as  long  to  disappear  when  the  nerve  is  stimulated 
continuously  or  at  intervals,  as  when  it  is  lefl  alone.  Besides,  every- 
thing seems  to  shew  that  this  deflection  is  not  due  to  galvanic 
polarisation.  An  increase  in  the  negative  polarisation  would  equally 
explain  the  facts,  provided  that  this  increase  disappeared  when  the 
excitation  was  over.  But  how  are  we  to  imagine  an  increase  in  the 
negative  polarisation  being  brought  about,  and  how  are  we  to  reconcile 


it  with  what  takes  place  during  the  flow  of  the  current?  Again, 
admitting  that  there  is  an  increase  in  the  intrapolar  negative  polarisa- 
tion, how  shall  we  explain  the  decrease  in  the  extrapolar  after-currents  ? 
If  we  say  that  the  main  anodic  current  is  an  action  current,  as 
Hermann  has  done,  how  shall  we  explain  its  negative  variation  as  due 
to  a  change  in  polarisation  ?  If  we  say  that  the  cathodic  after-current 
is  a  ]Mjlarisiition  current,  how  shall  we  account  for  the  fact  that 
stimulation  diminishes  it,  but  increases  the  polarisation  current  in  the 
intrapolar  region  ?  We  turn  to  the  explanation  first  suggested  and  ask, 
(1)   Can  the  stimulation  effects  be  accounted  for  as  secondary  action 
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currents  ?     (2)  Is  there  any  evidence  in  favour  of  the  existence  of  such 
currents  after  opening  the  polarising  stream  ? 

As  regards  the  first  question,  if  we  assume  that  after  opening  the 
conductivity  around  both  anode  and  cathode  is  depressed,  but  that  the 
depression  is  greater  around  the  former,  the  direction  of  the  effect  will 
be  accounted  for  in  every  case.  In  the  intrapolar  area  there  will  be  a 
negative  stimulation  effect;  in  the  extrapolar  auodic  area,  a  positive 
effect ;  in  the  cathodic  region,  a  negative  effect.  Further,  in  general, 
the  intrapolar  effect  will  be  greater  when  the  excitation  has  to  pass  the 
cathode  than  when  it  has  to  pass  the  anodo.  The  extmpolar  effect  will 
be  greater,  for  extrapolar  stimulation,  on  the  side  of  the  anode  than  on 
the  side  of  the  cathode ;  but  this  inequality  will  become  less  and  loss 
marked,  the  more  the  current  density  and  time  of  flow  are  increased, 
because  the  conductivity  will  in  both  cases  tend  to  a  maximum  which, 
we  may  expect,  will  be  first  reached  at  the  anode.  With  median 
intrapolar  stimulation,  it  is  not  difficult  to  see  that  at  first  the  behaviour 
of  the  extrapolar  effect  will  be  the  same ;  but  the  time  will  come  when 
the  relations  of  the  two  poles  will  be  reversed,  for,  when  the  anode  has 
become  impassable,  the  excitation  may  still  be  able  to  pass  the  cathode. 
So  that  the  first  hypothesis  will  explain  also  the  quantitative  relations. 

The  second  question  as  to  the  evidence  in  its  favour  has  been 
partially  answered  in  answering  the  first.  For  it  is  difficult  to  see  how 
the  facts  can  be  explained  without  it.  Some  more  direct  evidence  has 
been  already  got  from  experiments  like  52,  where  median  intrapolar 
stimulation  was  used,  and  the  negative  variation  taken  as  the  measure 
of  the  intensity  with  which  the  excitation  was  able  to  pass  the  poles. 
Further  evidence  will  be  furnished  when  we  come  to  the  muscle 
contraction  experiments.  The  case  stands  thus:  the  phenomena  can 
all  be  qualitatively  explained  as  secondary  action  currents,  due  to 
differences  of  conductivity;  their  quantitative  relations  can  also  be  so 
explained ;  we  have  proof  that  such  action  currents  must  arise ;  and 
finally  the  effects  are  never  of  a  higher  oixlcr  than  the  full  action  stream 
from  longitudinal  surface  to  cross  section.  The  conclusion  does  not 
seem  doubtful. 

VII.      Observations    after    opening    the    polarising    current, 

WHEN    A    PART   OF   THE    INTRAPOLAR    AREA    IS    LED    OFF    TO    THE 
QALVANOMETER. 

This  section  of  the  work  was  an  attempt  to  answer  the  question. 
What  is  the  distribution  in  the  intrapolar  region  of  the  changes  of 
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conductivity  luft  bcliiiid  by  tlic  polarisin*^  current/  I  wsts  very  desirous 
of  answering  the  analogous  question  for  the  case  during  the  flow;  but  I 
have  not  been  able  to  sec  any  satisfactory  way  of  doing  this,  at  least 
with  the  galvanometer,  bec«ause  the  great  resistance  which  would  have 
to  be  put  in  the  galvanometer  circuit,  to  prevent  short  circuiting  of  the 
current  through  it,  would  cut  down  the  stimulation  effect  too  much. 
After  the  flow  there  is,  of  course,  no  such  difficulty. 

In  Fig.  8  let  E^  be  the  anode  and  let  the  stimulating  electrodes  be 

Fia.  8. 


at  /.  If  the  anodic  depression  extends  in  full  amount  to  E^,  the 
intrapolar  galvanometer  electrode;  we  ought  to  get  no  deflection  on 
Rtinniiating.  If  the  conductivity  at  /?,  is  unchang(ul,  increased,  or,  in 
general,  greater  than  that  at  A\,  there  ought  to  be  a  negative  eflcct,  if 
the  excitation  can  pass  at  all.  Since  we  must  suppose  that  in  the 
immediate  neighbourhood  of  the  pole,  the  modifications,  whatever  they 
are,  which  affect  the  conductivity  are  most  strongly  marked,  we  should 
in  any  case  expect  a  negative  effect ;  but,  if  the  resistance  of  the  nerve 
be  eliminated  by  the  introduction  of  sufficient  resistance  into  the 
galvanometer  circuit,  the  ofVoct  ought  to  bo  smaller  when  a  ])art  only 
of  the  intra]>olar  area  is  led  oil  than  when  the  wliok^  is  le<l  off.  Jf  E^ 
wore  made  the  cathode,  /being  still  the  place  of  stimulation,  a  negative 
stimulation  effect  would  mean  that  the  conductivity  at  E^  was  less 
than  at  E^  If  tliis  were  constantly  got,  with  every  position  of  E^, 
the  inference  would  be  that  any  point  nearer  the  anode  has  a  smaller 
conductivity  than  any  point  fai*ther  from  the  anode,  that,  in  other 
words,  the  curve  of  conductivity  slopes  continuously  down  from  cathode 
to  anode.  If  stimulation  were  made  at  /,,  so  that  the  excitation  could 
not  rcivch  the  galvanometer  area  without  first  passing  through  a  portion 
of  the  intrapolar  region,  the  problem  would  become  more  complex, 
because  the  amount  of  the  stimulation  effect  would  be  influenced  not 
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only  by  the  state  of  the  piece  of  nerve  in  the  galvanometer  circuit  but 
also  by  that  of  the  rest  of  the  intrapolar  region.  These  were  the 
considerations  which  I  wished  to  test  by  experiment,  both  for  extrapolar 
and  for  intrapolar  stimulation. 


1.    Stimulating  electrodes  extrapolar. 

The  important  point  to  determine  was  the  influence  of  the  anode. 
It  was  arranged  that  a  greater  or  less'  portion  of  the  intrapolar  region 
should  be  connected  with  the  galvanometer,  including  either  of  the 
poles,  or  neither  of  them.  In  Experiment  64  the  polarising  electrode 
next  the  stininlatiiig  cloctrodcs,  and  an  inlntpolar  p4)int  wore  conniiclcMl 
with  the  galvanometer.  In  Experiments  55  and  5G  the  polarising  elec- 
trode most  remote  from  the  point  of  stimulation  was  so  connected.  The 
stimulating  electrodes  being  at  the  central  end,  with  descending  current 
the  anode  would  be  led  oflf  in  the  former  case,  the  cathode  in  the  latter ; 
but  there  would  be  this  difference,  that  with  the  second  arrangement 
the  excitation  would  have  to  pass  a  portion  of  the  intrapolar  area,  before 
it  reached  the  galvanometer  circuit. 

Experiment  6i. 
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0 

Length  of  nerve  in  polarising  circuit  18  mm. 
„       „  galvanometer  „      5    „ 
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Experiment  55. 


EXPEIIIMKNT  56. 
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In  Experiment  54  we  see  that,  when  the  excitation  has  to  pass  the 
anode,  after  strong  currents,  there  is  no  stimulation  effect,  or  a  small  one 
in  the  usual  direction.  When  it  has  to  pass  the  cathode,  the  effect  is 
large,  and  also  in  the  normal  direction. 

In  Experiment  55  the  excitation  has  always  to  pass  through  some  of 
the  intrapolar  region,  before  it  reaches  the  part  leil  off ;  but  the  anode 
is  a  more  formidable  obstacle  than  even  5  mm.  of  the  nerve  next  the 
cathode.      Whenever  there  is  an  excitation  effect  at  all,  it  is  in  the 
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negative  direction  as  usual.  Experiment  56  shews  how  the  effect  varies 
in  amount  with  different  lengths  of  nerve  in  the  galvanometer  circuit, 
when  the  total  resistance  in  that  circuit  is  made  so  great  that  the 
variation  of  resistance  due  to  fehe  nerve  may  be  neglected.  On  account 
of  the  extra  resistance  the  numbers  would  have  to  bo  multiplied  by 
about  6,  in  order  to  be  comparable  with  those  of  the  other  experiments. 
When  the  anode  is  next  tlio  stimulating  electrodes,  the  effect  falls  out 
as  before.  When  the  excitation  has  to  pass  the  cathode  the  effect 
diminishes,  when  any  considerable  portion  of  the  intrapolar  area  lies 
between  it  and  the  led  off  part ;  and  it  disappears  ultimately. 


2.    Stimulating  electrodes  intrapolar. 

The  arrangement  is  shewn  by  Fig.  9.     Experiment  57  is  an  example 
of  a,  Experiment  58  of  6. 
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It  was  desirable  to  find  whether  the  failure  of  the  effect  with 
extrapolar  stimulation,  when  the  anode  was  next  the  stimulating  elec- 
trodes, was  due  to  a  block  at  the  anode.  If  so,  the  effect  would  be 
expected  to  shew  itself  with  intmpolar  stimulation.  Experiment  57 
shews  that  even  with  the  strongest  cuiTcnts  used,  the  stimulation  cfl'oct 
does  not  disappear  after  descending  current.  It  rather  increases  with 
the  strength.  In  general  when  the  anode  is  in  the  led  off  area,  the 
effect  is  greatest 

In  Experiment  58,  as  might  be  expected,  there  is  practically  no 
difference  between  the  two  directions,  at  any  rate  before  the  nerves  were 
crushed.  The  difference  after  cmshing  is  probably  due  to  the  cmshing 
not  having  been  uniform  over  the  two  clcctroilcs.  In  Kxpcrimcnt  55) 
when  the  anode  corresponds  to  the  dead  piece  of  nerve,  the  stimulation 
effect  is  absent  I  have  never,  however,  under  these  circumstances,  been 
able  entirely  to  get  rid  of  a  positive  polarisation  deflection,  when  the 
current  was  strong  and  closed  only  for  a  short  time. 

Before  discussing  further  the  results  of  this  section,  it  will  be  well  to 
complete  the  account  of  the  differential  investigation  of  the  intrapolar 
region,  by  giving  some  examples  of  experiments  where  different  parts  of 
the  region  were  compared  with  each  other. 

VIII.     Observations   after   opening   the   polarising    current, 

WHEN  the  whole  INTRAPOLAR  REGION  AND  PABT  OF  IT  OR  TWO 
DIFFERENT  PARTS  OF  IT  ARE  LED  OFF  SUCCESSIVELY  TO  THE 
GALVANOMETER,  THE  STIMULATING  ELECTRODES  BEING  EXTRA- 
POLAR. 

Fig.  10  is  a  scheme  of  the  arrangement    Of  course  one  galvanometer 
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only  was  required,  the  diflferent  regions  being  thrown  on  to  it  suc- 
cessively. The  cathode  was  always  next  the  point  of  stimulation,  so  as 
to  avoid  the  anodic  block.  The  electrode  E^  was  exactly  in  the  middle 
of  the  intra  polar  .area. 
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In  Experiments  60  and  61  two  nerves  in  reverse  order  were  used;  in 
Experiment  62  a  single  nerve,  but  only  the  part  below  the  thigh 
branches. 

From  the  results  of  Section  VIII.  it  will  be  seen,  that  except  with 


514  0.  N.   STEWART. 

run  somewhat  as  in  Fig.  11,  (2)  being  the  effect  of  a  moderate  current, 
(3)  of  a  strong,  and  (4)  of  a  very  strong  current. 

During  the  flow  the  same  curves  will  represent  the  probable  state  of 
affairs,  if  the  position  of  the  anode  and  cathode  be  interchanged ;  but 
a  much  smaller  current  density  will  give  a  measurable  effect  during  the 
flow,  and  therefore  corresponding  stages  will  not  be  iussociatcd  with 
equal  current  densities  (1)  represents  what  probably  happens  with 
the  weakest  currents,  namely  a  rise  of  conductivity  around  the  cathode, 
a  diminution  around  the  anode,  while  the  polarising  current  is  flowing. 
(1)  is  only  partly  based  on  my  own  work.  Whether  it  would  be  a 
correct  representation  of  the  after-effects  if  anode  and  cathode  were 
interchanged  as  with  the  stronger  currents,  I  am  unable  to  say. 


IX.      EXPERIMENTg    ON    MUSCULAR    CONTRACTION     WITH     INTRAPOLAR 

STIMULATION. 

1.    During  the  flow  of  the  polarising  current 

111  1873'  Hermann  made  experiments  on  muscle  coutractiou  with 
electrical  stimulation  in  the  intrapolar  region,  which  included  almost 
the  whole  nerve  from  the  vertebral  column  to  the  muscle.  He  used 
only  a  single  nerve.  He  found  that  with  the  descending  current,  the 
stimulating  electrodes  being  in  the  upper  part  of  the  lower  half  of  the 
intrapolar  area,  the  contraction  was  always  less  than  before  polarisation, 
or  might  disappear  altogether;  with  the  ascending  current  it  was 
always  greater.  He  saw  in  this  a  proof  of  the  law  of  polarisation 
increment  The  fallacy  which  might  arise  from  the  variation  of  the 
cross  section  of  the  nerve,  and  the  consequent  variation  of  current 
density  from  point  to  point,  was  afterwards  remarked  by  Hermann 
himseir.  He  found  that,  if  the  thin  lower  part  of  the  nerve  had  another 
piece  of  nerve  laid  on  it  so  ns  nearly  to  equalise  the  cross  section,  the 
above  mentioned  behaviour  was  reversed.  When  he  used  only  the  piece 
of  nerve  below  the  thigh  branches,  he  could  find  no  point  in  the  lower  half 
the  stimulation  of  which  gave  his  former  results.  Without  knowing  of 
Hermann's  work  at  the  time,  I  made  experiments  in  connection  with 
the  galvanometric  observations  detailed  above,  but  on  different  lines. 
All  that  I  wished  to  determine  was  the  relative  effect  of  the  two  poles 

>  Pflilger's  Archiv,  Bd.  vii.,  p.  323. 
•  Ibid,  p.  497. 


POLARISED  NERVES.  516 

on  tho  conductivity.     To  determine  the  absolute  effect  would  have  been 
very  desirable,  but  to  do  this  it  would  be  necessary  either  to  shew  that 
changes  of  excitability  might  be  neglected,  or  to  measure  their  numeri- 
cal amount.     This  I  despaired  of  doing,  and  therefore  confined  myself 
to  the  more  definite  task.     Some  of  the  experiments  were  made  with  a 
single  nerve,  the  intrapolar  area  varying  in  cross  section.    But  these  I 
decided  to  control  and  supplement  by  observations  with  approximately 
uniform  cross  section,  obtaining  this  in  some  cases  by  using  only  the 
pieces  of  the  sciatic  below  the  thigh  branches,  but  more  frequently  by 
laying  two  nerves  of  the  same  frog  together  in  reverse  order,  both 
muscles  being  left  attached.     In  the  latter  case  the  cross  section  would 
not  be  perfectly  uniform,  but  would  be  nearly  so.      When  the  two 
preparations  were   found  to   have  a  nearly  equal  excitability,  which 
unfortunately  did  not  generally  happen,  the  contractions  of  the  two 
muscles  caused  by  tho  same  stimulus  were  simultaneously  registered. 
This  was  probably  the  most  accurate  method  of  all,  because  there  could 
be  no  question  of  differences  of  excitability.    In  order  to  eliminate 
these  when  two  successive  observations  had  to  be  taken  with  the  current 
flowing  in  different  directions,  the  stimulating  electrodes  were  placed 
exactly  in  the  middle  of  the  intrapolar  area\    Four  nan*ow  transverse 
grooves  were  made  in  a  small  slab  of  paraffin,  two  for  the  stimulating 
electrodes  and  two  for  the  polarising.      The  grooves  were  filled  with 
clay,  and  between  them  the  paraffin  was  hollowed  out,  so  that  the  whole 
formed  a  platform  on  which  the  nerves  lay  without  touching  it  except 
at  the  grooves.     The  two  central  grooves  were  very  close  together 
and  each  was  separated  by  the  same  interval  from  the  corresponding 
groove  of  the  outer  pair.    The  non-polarisable  electrodes  were  connected 
with   the  grooves.      A  rather   more  convenient  arrangement,  which 
allowed  the  distance  between  the  polarising  electrodes  and  the  position 
of  the  stimulating  pair  to  be  easily  varied,  was  got  by  fixing  a  paper 
scale  on  a  paraffin  slab,  to  the  edge  of  which  the  clay  points  of  the 
electrodes  carrying  the  nerves  were  adjusted.     I  introduced  much  more 
resistance  into  the  secondary  circuit  than  Hermann  seems  to  have 
thought  necessary,  namely  the  large  resistance  B. 

For  the  weaker  currents  the  strength  of  stimulus  was  sought  which 
was  just  less  than  that  necessary  to  give  a  minimal  contraction,  when 
the  cathode  was  next  the  muscle.  Then  a  sufficient  interval  was 
allowed  (in  quoting  the  experiments  this  is  not  noted  to  save  space), 
and  with  the  current  in  the  opposite  direction,  it  was  observed  whether 

1  See  fornipr  paper  in  this  Journal^  Vol.  tx.  p.  209. 
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contraction  occurred  on  stimulating.  For  the  stronger  currents  the 
stimulus  was  adjusted  so  as  to  give  contraction  when  the  anode  was 
next  the  muscle,  and  the  current  was  then  reversed  after  an  interval, 
and  stimulation  again  made.  The  reason  of  the  difference  will  appear 
when  the  experiments  are  looked  at.  It  will  be  seen  that  up  to  a 
certain  strength  of  current  a  stimulus  will  give  contraction 
when  the  cathode  lies  next  the  muscle,  which  will  give  no 
contraction  when  the  anode  is  in  that' position.  Above  this 
strength  the  reverse  holds,  and  a  stimulus  which  is  followed 
by  contraction  when  the  excitation  has  to  pass  the  anode, 
evokes  no  response  when  it  has  to  pass  the  cathode.  The 
chani^c  is  not  very  gradual,  but  can  hardly  Ixi  (allied  abrupt.  When 
the  cathodic  block  first  appears,  it  can  be  overcome  by  increasing  the 
strength  of  the  stimulus.  It  does  not,  however,  require  a  great  addition 
to  the  current  density  to  make  the  cathode  impassable  for  any  stimulus 
within  my  limits,  when  once  the  block  has  become  pronounced.  More- 
over a  block  which  can  be  broken  down  at  first  may  become  total,  if  the 
current  be  left  a  little  longer  dosed.  With  the  very  weakest  currents  I 
have  found  no  difforeneo  between  the  polos;  but  the  oxcifM*ibility  of  the 
stimulated  point  seems  to  be  increased,  for  a  stimulus  which  caused  no 
contraction  in  the  unpolarised  state  causes  one  when  the  current  is 
closed,  the  direction  of  the  polarising  current  being  indifferent  For 
convenience  we  may  call  this  the  first  stage,  the  others  the  second 
and  third  respectively.  Hermann  seems  only  to  have  met  with  the 
third  stage  when  he  used  a  single  nerve,  and  stimulated  in  the  lower 
half  I  found  the  second  very  constant  with  median  stimulation 
even  with  a  single  nerve,  although  not  so  well  marked  s\s  with  the 
double  nerve ;  but  the  third  stage  is  undoubtedly  reached  much  earlier 
in  this  case  than  with  uniform  cross  section,  even  where  there  is  no 
extra  resistance  in  the  nerve  circuit,  and  where,  therefore,  the  same 
E.  M.  F.  gives  practically  the  same  average  density  of  current  when  the 
distance  between  the  polarising  electrodes  is  the  same.  But  with  a 
single  nerve  we  must  remember,  that  the  density  of  the  current  in  the 
thin  part  below  the  thigh  branches  will  be  several  times  as  great  as  at 
the  plexus.  If  we  could  be  sure  that  the  excitability  was  the  same  at 
the  stimulated  point  for  both  directions  of  the  current,  this  would 
introduce  no  fallacy  in  comparing  the  effect  of  the  two  poles.  But  in 
comparing  experiments  made  on  the  single  nerve  with  those  made  on 
the  double  nerve,  it  must  be  taken  into  account.  Where  I  used  the 
single  nerve,  far  less  of  the  thin  part  was  included  in  the  polarising 
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circuit  than  of  tho  plexus.  Accordingly,  if  we  call  the  crosH  section  at 
the  upper  electrode  a,  we  may  assume  that  a  given  E.  M.  F.  E  would 
give  a  current  a  little  less  than  KaEy  where  if  is  a  constant  depending 
on  length  and  specific  resistance  of  nerve.  Let  h  be  the  cross  section  at 
the  lower  electrode ;  then  the  density  here  would  be  a  little  less  than 

17- 

-5—  E,    Now  take  the  case  of  the  double  nerve.    Here  the  cross  section 

0 

at  the  electrodes  would  be  a  +  h,  and  at  no  part  would  it  differ  much 
from  this.  An  E.  M.  F.  E  would  give  a  current  K  (a  +  6)  E,  and  the 
density  at  cithcT  electrode  may  be  called  KE,  Tlio  density  at  tho 
lower  electrode   in  the  case  of  the  single  nerve  would  therefore  be 

nearly  y  times  that  with  the  double  nerve.    I  suppose  it  would  not  be 

above  the  mark  to  put  7-  =  3  in  most  cases.    The  third  stage  might, 

thcrolore,  be  expected  to  begin  in  tho  single  nerve  with  about  ^  of  the 
£.  M.  F.  for  which  it  first  shews  itself  with  the  double  nerve ;  any  change 
of  excitability  at  the  point  of  stimulation  being  left  out  of  account. 

I  proceed  to  quote  a  few  of  the  experiments.  Experiment  66  is  an 
example  of  chemical  stimulation  at  the  middle  point  A  drop  of  strong 
brine  was  applied  and  left  a  little  time,  and  then,  before  tetanus  had 
appeared,  a  current  of  1 D  |  was  passed.  Tetanus  appeared  at  once,  and 
di8ap|)caro4l  on  opening  the  current.  With  the  descending  current  tlicire 
was  no  tetanus.  With  2  D  the  stimulus  was  apparently  too  weak  to  give 
contraction  with  cither  direction.  In  Experiment  67  mechanical  stimu- 
lation was  used,  also  at  the  middle  point. 

Experiment  67  b  is  an  instance  witli  marked  inequality  of  cross 
section.  Below  1  D  Rh  900  the  descending  current  seems  more 
favoui-able  than  the  ascending.  But  with  1  D  and  above  it  the  opposite 
is  the  cjuse.  K.\]»eriinriit  ()7a  is  an  exjimple  where  the  two  muscles 
wore  observed  simultaneously.  As  in  all  cases  where  two  nerves  were 
used,  the  polarising  electrodes  were  at  the  same  distance  from  the  point 
of  entrance  of  the  nerves  into  their  muscles,  and  therefore  the  cross 
section  and  current  density  at  them  would  be  e<pial.  In  some  of  the 
experiments  it  wiw  noted  whether  contraction  occurred  at  make  or  break 
of  the  polarising  current  or  at  both.  The  second  stage  as  a  rule  pas.sod 
into  the  third  with  a  current  which  wius  either  PHuger's  "strong"  current 
or  a  strong  "  medium." 
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EXPBBIMKMT   G3. 


Iftuole 

oontrMtion  od 

stimalation. 

Muscle  oontrao- 

Polarising 
oarrent. 

Stimnlns. 

tion  on  making 

or  breaking  pol. 

current. 

ID  nil  1000 

No 

100 

1) 

C 

>l 

2D 

No 

90 

0  at  M  Je  B. 

2D 

C 

»| 

CatM. 

3D 

No 

80 

3D 

0 

>> 

4D 

No 

)) 

OatM. 

4D 

C 

}| 

G  at  M  &  B. 

5D 

No 

1) 

OatM. 

5D 

C 

}) 

CatB. 

5D 

No 

0 

4D 

No 

0 

3D 

No 

0 

2D 

No 

0 

ID 

large  C 

0 

7D 

0 

20 

CatB. 

7D 
7D 

No 

40 

C 

30 

Distance  Iks! 

ween  pohuising 

olecti'odos  28  mm. 

Two  iiorvcs  i 

u  rcvc»-8o  oitlor. 

C  means  coi 

itraction.    No 

means  none.     M  and  B 

mean  make 

and  break  of  pc 
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^arising  ci 

64. 

irrent 

Hnsele 

oontmotion  on 

stimulation. 

Muflde  contrac- 

Polarising 
current. 

Stimulus. 

tion  on  making 

or  breaking  pol. 

current. 

1  D  Rh  1000  i 

No 

80 

OatM. 

„ 

0 

»• 

II 

IDRh    500 

C 

103 

II 

» 

No 

>> 

II 

I  D  Rh  1000 

C 

>f 

II 

» 

No 

» 

II 

ID  whole  Rh 

C 

l> 

II 

1) 

No 

» 

1} 

2D  whole  Rh 

C 

»9 

II 

3D 

No 

}> 

II 

C 

II 

•1 

3D 

'           No 

t| 

II 

4D 

C 

65 

0  at  M  &  B. 

4D 

\           No 

fi 

II 

5D 

No 

48 

II 

5D 

\        c 

» 

II 

6D 

f           No 

47 

II 

CD 

\            C 

» 

II 

Two  nerves  in  reverse  order. 

Resistance  A  in  nerve  circuit. 

Distance  between  polarising  electrodes  31  mm. 
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ExPBuiMKNT  C5.     Two  iiovvos  in  rovoi'so  oixlor. 


PolariRing 
current. 


1  D  Rh  1000  1 

1  D  whole  Rh  \ 

ID 
ID 
2D(noresist- 


2D 
4D 

4D 


ance) 


t 


Mnsole 

contraction  on 

stimulation. 

Stimulus. 

Muscle  oontrao- 

tion  on  making 

or  breaking  poi. 

current. 

0 

74 

No 

tl 

C 

70 

0  at  M  .fe  B. 

No 

)> 

OatM. 

C 

No 

No 

66 

C 

>l 

No 

50 

C  at  M;  small 
Oat  13. 

C 

)> 

small  0  at  M ; 

CatB. 

Distance  between  polarising  electrodes  31  mm. 
Resistance  A  in  nerve  circuit. 


Experiment  66. 


Experiment  67. 


rolariHing 

Cliemieal 

current. 

atimulatiou. 

un  polarised 

No  tetanus 

ID 

Tetanus 

ID 

No 

1  D  Rh  2000 

Tetanus 

II 

No 

1  l>  Uh  1000  1 
II            t 

Tetanus 

Tetanus  not  so  strong 

as  with  f 

IDRh    500 

Tetanus 

Tetanus  not  so  strong 

ojs  with  f 

IDRh    300 
>i 

No 

Tetanus  (strong) 

The  tetanus  is  now  con- 

tinuous in  un}>olansod 

preparation. 

ID 

Tetanus  increased 

ID 

No 

2D                 f 

No 

2D 

No 

Toiarifiing 
current. 


ID 
ID 
2D 
2D 
3  1) 
3D 
4D 
4D 
6D 
6D 
1  D  Rh  1500 

II 


t 


Mechanical  Htiniu- 

lation  (single 

stimuli) 


Only  a  Rin;:;1o  novvo  usod. 


C 

0 

C 
No 

0 
No 

C 
No 

0 
No 

0 
No 
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ExPKiiiMKNT  GTiu     Two  nerves  in 
reverse  order. 


Experiment  67  b. 


Polurising 
ounHJiit. 


uiii)ohiiised 
5D 

5D 

5D 

un|)olari8ed 


Muscle 
A. 


t 


C 

0 

No 

No 

0 

No 

C 

0 


MuBcle 
B. 


C 

No 
0 
0 
No 
fC 
No 
0 


StimnlaB. 


45 


n 

30 

» 

0 

» 

50 


Here  the  excitability  of  the  two  prepara- 
tions was  nearly  the  same,  and  it  was 
therefore  possible  to  take  observations 
on  both  muscles  at  the  same  time.  The 
aii'ONvs  give  the  direction  of  tlio  current 
in  the  nerve  of  the  muscle  whose  con- 
traction is  rofontHl  to. 

Distuuco  between  pol.  olectrndes  34  nun. 

Resistance  A  in  polarising  circuit. 


Polarising 
oarrent. 


1  D  Kh  200 


» 


1  D  Rh  900 


»> 


ID 
ID 
2D 
2D 
3D 
3D 
4D 
4D 
5D 
5D 
6D 
61) 
7D 
7D 
8D 
1  D  Rh  200 


99 


f 


Mechanical  siimo- 

lation  (angle 

Biimuli) 


No 

0 

C 

No 

No 

0 

No 

0 

No 
C 
No 
0 
No 
C 
No 
O 
No 
C 
0 
C 
No 


Only  a  single  nerve.  CJpper  fiola- 
rising  electrode  on  plexus,  lower 
just  below  thigh  branches. 


In  interpreting  these  results  it  is  necessary  to  be  careful  If  we 
could  be  sure  that  the  excitability  at  the  point  of  stimulation  was 
always  the  same  for  the  two  directions,  or  in  other  words  that  the 
excitation  at  its  start  had  the  same  intensity,  then  it  would,  I  think,  be 
impossible  to  doubt  that  the  impulse  does  alter  in  amount  in  passing 
along  the  polarised  nerve.  In  any  one  experiment  it  is  of  course 
impossible  to  be  sure  of  this,  unless,  as  Hermann  has  suggested, 
changes  of  excitability  in  Pfliiger's  sense  are  apparent  only  and  not 
real.  But  in  a  series  it  is  highly  improbable  that  the  error  should  be 
always,  or  even  nearly  always,  in  the  same  direction.  So  far,  indeed,  as 
the  third  stage  is  concerned,  the  ditference  between  the  two  directions 
soon  becomes  so  marked  that  accidental  errors  due  to  differences  of 
excitability  may,  I  think,  be  neglected.      The  stimulating  electrodes 
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may  be  placed  far  from  the  middle  of  the  iutrapolar  region,  and  either 
above  or  below  it,  without  altering  the  results  in  a  qualitative  way  at 
least.  On  the  whole  I  do  not  see  how  for  this  stage,  without  considering 
the  galv.'uionictric  evidence  at  all,  wo  can  avoid  the  conclusion  that  the 
conductivity  around  the  pathode  is  less  than  that  around  the 
anode. 

I  have  already  said  that,  after  the  cathodic  conductivity  has  once 
begun  to  decline,  the  curve  falls  sharply  till  the  pole  is  impassable  for 
the  strongest  Rtimulation.  For  the  anode  the  fall  is  much  more  gradual, 
and  a  moderate  strengtheuiug  of  the  stimulus  suiliccs  to  bring  out  the 
contraction  which  has  just  disappeared.  If  we  increase  the  current  now  a 
little  the  contraction  will  again  fall  out,  to  be  again  restored  on  strength- 
ening the  stimulus,  and  so  on.  Finally  the  time  will  come,  as  we  saw 
that  it  came  in  the  galvanometric  experiments,  when  even  with  the 
ascending  current  no  excitation  will  pass  with  the  strongest  stimulation. 
But  this  condition  will  gradually  blend  into  what  preceded  it.  This 
seems  to  me  to  support  the  view,  for  which  we  have  already  seen  other 
evidence,  that  only  around  the  cathode  is  there  a  truly  polar  block 
during  the  flow.  The  gradual  failure  of  effect  with  ascending  current 
may  be  explained  as  due  to  a  continuous  diminution  of  excitability  at 
the  point  of  stimulation,  or  to  a  gradual  spread  of  the  depression  of 
conductivity  front  c^ithode  to  anode  along  the  intraiK>lar  area,  or  to  both. 
So  far  I  think  we  are  on  safe  ground.  Neither  is  there  any  difficulty 
with  the  first  stage.  We  should  hardly  expect  to  find  well  developed 
differences  of  conductivity  with  the  weakest  currents  used.  At  any  rate 
there  must  be  a  limit  below  which  the  method  would  not  be  delicate 
enough  to  detect  them. 

But  it  is  more  difficult  to  deal  with  the  phenomena  of  the  second 
stage.  Here  the  contraction  seems  to  be  favoured  by  the  descending 
current  If  the  explanation  is  to  run  on  the  same  lines  as  before,  this 
would  imply  that,  for  these  currents,  the  conductivity  is  greater  in  the 
cathodic  region  than  in  the  anodic.  And  there  is  a  fact  which  supports 
this  view.  It  was  found  by  Rutherford  and  by  Wundt  that  the 
velocity  of  the  nerve  impulse  is  increased  in  the  cathelectrotonic,  and 
diniiuiuhed  in  the  anolectrotouic  area,  when  the  polarising  current  is  weak 
and  not  closed  for  too  long  a  time.  It  cannot,  of  course,  be  assumed 
that  the  velocity  of  the  impulse,  and  its  intensity  must  necessivrily  be 
affected  in  the  same  sense.  In  the  unpolarised  nerve  we  do  not  know 
that  the  intensity  of  the  impulse  affects  its  velocity  at  aU.  But 
some  conditions  which  diminish  the  latter  dimidish  the  former  also, 
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cooling  the  nerve  for  example.  And  Engelmann  has  found*  that  in 
the  ureter  the  velocity  and  the  amplitude  of  the  contraction  wave  rise 
and  fall  together,  at  least  within  certain  limits,  the  alterations  produced 
by  a  voltaic  current  being  confined  to  the  intrapolar  area,  beyond 
which  also  until  a  comparatively  recent  period  giUvanic  electrotonic 
phenomena  have  not  been  observed  in  muscle.  I  am  far  from  saying 
that  this  can  bo  extended  to  the  nerve  impulse  without  further  ^xirlcy. 
But  it  is  a  hint  that  in  nerve  also  an  excitation  which  passes  more 
quickly  through  a  part  will  pass  with  less  loss,  or  greater  gain.  v.  Bezold, 
working  with  stronger  currents  than  Butherford  and  Wundt,  found 
that  the  velocity  of  the  nerve  impulse  is  diminished  both  in  the  anodic 
and  cathodic  area.  This  corresponds  with  our  third  stage,  if  for  velocity 
we  read  intensity.  It  would  be  interesting  to  know  if  the  velocity,  like 
the  intensity,  is  more  diminished  around  the  cathode  than  around  the 
anode. 

The  galvanometric  observations  in  the  intrapolar  region  give  no 
indication  of  the  state  of  matters  which  we  have  supposed  to  exist 
during  the  second  stage.  The  stimulation  effect  is  always  positive  even 
with  the  weakest  currents.  A  secondary  action  current  caused  by  a 
relatively  increased  cathodic  conductivity  would  be  negative.  Still  it  is 
unlikely  that  the  whole  intrapolar  effect  during  the  flow  is  due  to  an 
action  current  under  any  circumstances,  and  the  part  of  tlio  positive  effect 
which  for  want  of  a  better  name  we  may  call  the  electrotonic  part,  might 
be  strong  enough  to  mask  a  weak  secondary  action  current  The  stage 
where  the  galvanometric  effect  is  about  equal  for  the  two  directions 
would  then  pass  directly  into  that  where  the  decline  of  cathodic 
conductivity  diminishes  the  effect  for  stimulation  on  the  side  of  the 
cathode.  As  was  stated  on  p.  475,  a  positive  extrapolar  variation  was 
sometimes  got  in  the  cathodic  area  with  weak  currents  and  especially 
with  fresh  nerves.  The  conditions  under  which  it  appeared  are  the  same 
as  those  under  which  the  velocity  of  the  impulse  is  increased.  If  we 
remember  that  the  true  electrotonic  variation  is  in  the  opposite  direction, 
it  will  not  appear  surprising  that  this  positive  effect  should  be  always 
small,  and  should  only  occasionally  appear  at  all.  Another  point  which 
must  be  considered  is  this,  that  the  contraction  of  a  muscle  is  a  far 
more  delicate  reagent  for  the  detection  of  a  nerve  excitation  than  a 
galvanometer  deflection.  Finally  it  ought  not  to  be  lost  sight  of  that 
the  nerve  endings  in  the  muscle,  or  even  the  muscle  itself,  may  be 
aff'ected  by  the  polarising  current,  and  this  may  have  an  influence  on 

1  Pfiager'a  Arehiv.  Bd.  ra.  p.  247,  Ac. 
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contraction,  as  well  as  the  conductivity  or  excitability  of  the  nerve 
trunk.  There  would  of  course  be  nothing  corresponding  to  this  in  the 
galvanometric  observations. 

If  anybody  says,  that  there  is  not  enough  evidence  for  us  to  conclude 
that  during  the  second  stage  the  conductivity  around  the  cathode  is 
increased,  I  have  no  right  to  object.  What  evidence  I  have  found  has 
been  stated,  and  I  have  tried  at  least  as  hard  to  find  objections  to  the 
conclusions  I  have  ventured  to  come  to  as  to  find  arguments  in  their 
favour.  The  evidence  shewing  the  relative  depression  of  conductivity 
around  the  cathode  during  the  third  stage  is  very  much  stronger,  so 
strong  that  it  does  not  seem  easy  to  doubt  it.  There  is  one  objection, 
however,  which  ought  not  to  be  passed  over.  It  may  be  said  it  is  with 
compai'atively  strong  currents  that  most  of  this  work  has  been  done ; 
are  the  effects  observed  truly  physiological,  or  are  they  due  to  injury  of 
the  tissue?  It  is  a  legitimate  question.  If  the  effects  were  due  to 
permanent  injury,  the  observation  of  them  would  not  be  without  value, 
provided  they  were  constant  effects.  In  this  investigation,  however,  I 
did  not  wish  to  study  the  behaviour  of  currents  of  injurious  strength. 
The  nerve  was  therefore  tested  as  to  its  condition  at  intervals  through- 
out every  experiment.  The  assumption  was,  that  a  nerve  which  at  the 
end  of  an  experiment  shewed  something  like  the  same  behaviour 
({ualitatively  and  ({uantitativoly  as  at  the  beginning,  had  not  been  injured 
so  far  as  the  jHopcrties  on  which  the  particular  effect  depended  were 
concerned.  In  a  certain  sense  it  is  no  doubt  true  that  a  nerve  whose 
conductivity  is  completely  abolished  is  injured ;  but  the  change  is  within 
physiological  limits,  if,  in  an  isolated  preparation,  the  original  conductivity 
is  afterwards  restored. 

2.    A/tei*  opening  iJic  polarising  current 

For  the  after-effects  of  the  current  the  arrangements  were  the  same 
as  for  the  effects  during  the  flow,  except  that  there  was  a  break  in  the 
circuit  of  the  secondary  coil  which  was  not  closed  till  the  polarising 
circuit  had  been  opened.  Further,  it  was  not  necessary  to  have  the 
resistance  A  in  the  latter  circuit,  but  the  large  resistivnco  B  was  still 
kept  in  the  former,  to  prevent  the  polarisation  currents  from  passing. 
After  opening  the  polarising  stream,  stimulation  was  at  once  made,  and 
it  was  then  repeated,  sometimes  at  intervals  of  2",  sometimes  at 
intervals  of  5",  or  even  at  a  greater  interval  where  the  block  lasted  a 
long  time.     Experiments  68  to  71  are  examples. 
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EXPKBIMBMT   68. 


PolariBing 

Time  of 

Effect  on 

Stim^nlnB. 

current. 

flow. 
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inax«  G 

40 

6DJ 

1 

6" 

max.  C 

6D 

1 

6" 

min.  C 

12  Dj 

•5" 

max.  0 

12  Di 

\ 

•5" 

No  for  8" 

max.  C  in  26" 

max.  0 

38 

6Di 

10" 

max.  0 

6Df 

10" 

No  for  5" 
max.  C  ill  15" 

max.  C 

37 

12D^ 

6" 

min.  0  at  once 
max.  0  in  2" 

12  Df 

5" 

No  for  9" 
max.  0  in  30" 

max.  C 

38 

12  Df 

very  ttliort 

No  for  15" 

12  DJ 

i> 

max.  0 

0 

40 

CDf 

vory  8hort 

No  for  10" 

6D 

\ 

» 

C 

Two  nerves  in  reverse  order.     Resistance  B  in  secondaiy 

circuit 
Length  of  intrapolar  area  31  mm. 
Max.  means  maximal.  Min.  means  minimal. 


Experiment  69. 

PolariBing 
current. 

Time  of 
flow. 

Contraction. 

Stimulus. 

min.  C 

42 

4Df 

10" 

No  for  3" 

>» 

min.  0 

» 

4Dj 

10" 

lui-go  C 

» 

mill.  C 

43 

4D1 

10" 

large  C 

>i 

4Df 

10" 

No  for  18" 

»» 

max.  0 

35 

12  Df 

15" 

No  for  10" 
max.  0  in  5"  more 

12Df 

15" 

No  for  70" 
max.  C  ill  CO"  more 

max.  C 

33 

12  Df 

very  hhon 

No  for  9" 

»» 

12  D 

)i 

m»ix.  C 

1         »» 

Arm 

ngcmcuts  uar 

no  as  in  last  expoi-iiii 

ent. 
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EXPKBIUBNT   70. 


Polarising 
current. 

Time  of 
flow. 

Effect  on 
mnsole. 

8DJ 

' 

5" 

max.  C  in  unpola- 
rised  prep.     . 
C 

8D 

1 

5" 

No  for  55" 

12D, 

' 

1" 

C 

121) 

1" 

No  for  30" 

• 

max.  in  30"  more 

Only  one  nerve. 


Experiment  70  a. 


Polarieing 
current. 


unpolarised 

4  D  10" 

6D  10" 

GD     V 

10  J)    -5" 

10  D    5" 

10  D    5" 


Mascle  A. 


C 

IC 

0 

.0 

(J 
c 

I  No  for  5" 


Muscle  B. 


c 

No  for  2" 
No  for  4" 
No  for  4" 
Nofor  ir 
No  for  10" 
No  for  GO" 


Stimulus. 


65 

Resistance  A  in 
])o1ariRing  cir- 
cuit. 


Distance  between  polarising  electrodes  34  mm. 
The  aiTows  give  the  direction  of  the  current  in  the  nerve 
belonging  to  the  corresponding  muscle. 


ExPERiMEirr  71. 
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Time  of 
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flow. 
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IDJ 

1 

20" 

C 

lUj 

1 

20" 

No  for  5" 

ID, 

1 

20" 

C 

ID 

20" 

No  for  10" 

Single  break  nhocks.     Only  one  nerve. 
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The  results  of  Section  IX.,  2  may  be  sammarised  as  follows. 

1.  With  a  very  short  time  of  closure,  a.  If  we  adjust  the 
stimulus  so  that  contraction  shall  occur  immediately  on 
opening  the  descending  current,  there  will  bo  no  contraction 
for  some  time  after  opening  the  ascending  current  6.  If 
we  adjust  the  stimulus  so  that  contraction  shall  not  occur 
for  some  time  after  opening  the  descending  current,  it  will 
take  a  longer  time  to  appear  after  the  ascending  current 

2.  With  a  longer  time  of  closure,  a  always  holds;  but, 
if  the  stimulus  be  made  so  weak  that  the  interval  of  ineffi- 
ciency after  the  descending  current  is  more  than  a  few 
seconds,  the  difference  between  the  two  directions  is  not  so 
marked.  A  strong  stimulus  is  more  suitable  for  bringing  out 
the  difference  than  a  weak. 

3.  If  we  determine  the  strength  of  stimulus  which  is 
just  necessary  to  give  contraction  immediately  after  opening, 
it  will  come  out  greater  for  the  ascending  than  for  tho 
descending  current 

4.  When  an  interval  has  existed  during  which  tho  stimu- 
lus has  been  inoperative,  the  contraction  does  not  reach  its 
original  height  for  some  time  after  the  stimulus  has  again 
become  effective;  and  this  time  is  longer  after  the  ascending 
than  after  the  descending  current 

The  stronger  the  stimulus  the  shorter,  as  might  be  expected,  is  the 
iritcrval  between  opening  the  current  and  the  appearance  of  contraction. 

Not  infrequently  a  preliminary  stage  was  noticed  with  the  weaker 
currents,  where  a  stimulus  could  be  found  which  gave  contniction  at 
once  after  the  ascending  current  but  not  for  some  time  after  the 
descending.  This  would  correspond  to  the  second  stage  during  the  flow, 
but  it  was  very  far  from  being  as  constant;  and,  without  further 
investigation,  it  is  not  possible  to  say  if  such  a  stage  really  exists ;  or,  if 
it  does  exist,  how  it  is  to  be  explained.  With  the  stronger  currents  the 
above  results  were  very  constant  both  for  the  double  nerve  and  the 
single  nerve  preparation  ;  and  also,  as  Experiment  70  a  shews,  when  two 
muscles  were  observed  at  once. 

I  do  not  see  how  the  conclusion  can  be  avoided  that  after  opening 
the  polarising  current  a  rapid  or  perhaps  instantaneous  re- 
versal of  the  relations  of  the  poles  takes  place\     With  a  short 

>  This  might  bo  explained,  as  Grtttznor  liaa  explained  tho  break  coutraotion,  by 
considoring  the  polarisation  current  as  a  new  current  in  the  opposite  direction  to  the 
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time  of  flow  the  cathodic  block  is  at  onco  resolved  on  openiDg,  and  the 
anodic  block  is  at  onco  established.  With  a  longer  time  of  flow  the 
conductivity  is  still  depressed  in  the  first  moments  after  opening 
throughout  the  wlu)lo  iutrapolar  region,  but  the  maximum  of  the 
depression  is  found  at  the  anode,  while  before  the  opening  it  was  at  the 
cathode.  But  what  else  has  happened  ?  The  anode  has  itself  become 
the  seat  of  an  opening  excitation,  probably  lasting.  The  cathode  was 
on  closure  the  seat  of  excitation,  a  closing  tetanus,  perhaps,  for  the 
cathodic  region  of  the  nerve,  if  not  for  the  muscle.  Where  the  polar 
excitation  reigns,  there  reigns  also  the  polar  inhibition  which  blocks  the 
external  impulse.  Is  there  any  connection  between  the  inhibition  and 
the  excitation  ?  It  will  not  do  to  say  that  the  nerve  is  exhausted  by 
the  latter,  if  it  persists.  The  problem  is,  why  does  this  internal  excita- 
tion not  break  its  way  along  the  nerve?  It  is  notorious  that  it  does 
not  do  so  except  in  special  cases.  A  positive  polarisation  deflection  is 
constant,  a  Hitter's  tetanus  is  occasional.  Is  it  not  obvious  that 
there  is  something  which  hems  the  internal  excitation  in?  And  this 
something,  does  it  not  also  prevent  the  passage  of  the  external  excita- 
tion ?  We  call  the  modification  which  does  this  a  defect  of  conductivity. 
It  is  a  convenient  name,  it  is  not  an  explanation.  The  relation  between 
the  conductivity  of  a  nerve  at  any  point  and  the  excitability  has  been 
often  discuKsed.  It  h;w  boon  said  that  there  is  no  necessary  connection 
between  tliem.  It  has  been  said  that  they  are  the  same.  I  confess  I 
do  not  see  the  cogency  of  the  reasoning  of  that  school  which  says  that 
the  conductivity  and  excitability  must  be  functions  of  the  same  variable, 
because  we  cannot  conceive  of  the  nerve  impulse  being  propagated 
except  as  an  excitation  of  successive  nerve  sections  by  each  other. 
Why  not  ?  Is  the  origin  of  any  excitation  a  process  like  the  propaga- 
tion of  it  ?  I  will  not  speak  of  artificial  stimulation,  as  wo  see  it  in 
physiological  laboratories.  If  I  did,  I  might  ask  what  analogy  there  is 
between  the  shattering  of  a  nerve  trunk  by  mechanical  irritation,  the 
electrolysis  of  it  by  electrical  irritation,  and  the  propagation  of  the 
impulse  from  section  to  section  of  the  axis  cylinder. 

But  I  will  take  the  case  of  physiological  excitation  of  an  axis 
cylinder  process  by  a  nerve  cell,  or  of  an  end  organ  such  as  the  retina 
by  light.  The  two  cases  are  of  course  different,  but  let  us  take  the 
most  unfavourable  one.     Does  anybody  assert  that  the  active  chemical 


polarising  stream,  and  closed  as  soon  as  the  latter  is  opened.    It  would  lead  as,  however, 
too  far  from  our  subject  to  discuss  this  just  now. 
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processes  in  the  nerve  cell  extend  themselves  to  the  axis  cylinder 
process  or  the  nerve  trunk,  when  the  impulse  passes  ?  But  it  will  be 
said  there  is  no  breach  of  continuity ;  whatever  processes  take  place  in 
the  active  motor  cell  slide  insensibly  into  those  which  take  place  in  the 
active  motor  nerve.  But  where  is  the  meeting  place  of  the  activity  of  the 
cell  and  the  activity  of  the  nerve,  for  that  is  the  point  of  stimula- 
tion ?  Somewhere  or  other  something  which  is  not  the  nerve  impulse 
starts  the  nerve  impulse  in  the  nerve.  That  is  the  point  Somewhere 
or  other  between  the  layer  of  rods  and  cones  and  the  first  beginnings  of 
the  axis  cylinder  fibrils  of  the  optic  nerve  the  real  retinal  stimulus  does 
its  work.  But  never  again  between  retina  and  brain,  between  motor 
nerve  cell  and  muscle,  can  the  stimulus  which  a  nerve  section  gets  from 
its  neighbour  be  the  same  as  that  which  started  the  impulse.  It  is 
always  now  a  nerve  impulse  which  precedes  a  nerve  impulse.  I  do  not 
wish  to  labour  this  point.  I  do  not  say  now  that  excitability  and 
conductivity  are  separable  properties.  What  I  say  is  that  we  know 
nothing  in  the  manner  of  propagation  of  a  nerve  impulse  which  goes 
against  such  a  supposition.  We  know  much  which  supports  it.  A 
goo<l  rcHum(5  of  thi.s  evidence  ia  given  in  a  pjvpor  by  E.  TTirschberg' 
published  in  1886.  The  most  recent  work  on  the  subject  has  come 
from  the  Physiological  Institute  in  Berlin*.  Carbonic  acid  gas  when 
applied  locally  to  the  nerve  acts  as  if  it  depressed  the  excitability  while 
leaving  the  conductivity  unchanged.  This  was  first  shewn  by  Grun- 
hagen.  Alcohol  has  now  been  found  to  have  the  opposite  effect  Gad, 
under  whose  supervision  the  work  was  done,  indeed  rejects  the  notion 
of  separating  conductivity  and  excitability,  chiefly  for  the  reason  against 
which  I  have  been  arguing,  lie  thinks  the  results  may  be  explained 
by  supposing  that  the  nerve  has  what  he  calls  a  transverse  irritability 
which  is  diminished  by  carbonic  acid  but  not  by  alcohol.  I  do  not 
propose  to  discuss  the  merits  of  this  hypothesis,  nor  the  interesting 
experiments  on  which  it  is  grounded.  These  experiments  leave  the 
g(iiieral  question  where  it  was.  But  it  seems  to  bo  as  well  OBt^iiblished  aa 
anything  in  electro-physiology  that  during  the  flow  the  conductivity 
around  the  cathode  is  diminished,  at  least  if  the  current  is  of  more  than 
very  moderate  strength  and  that  this  diminution  may  go  on  to  entu*e 
impassability.  This  was  first  shewn  by  Hermann.  It  has  been 
repeatedly  confirmed.    Abundant  evidence  of  its  truth  has  presented 

1  Pflttger'8  Arekiv.  Bd.  xxxix.  p.  76. 

>  du  Bois  Beymond's  Archiv,  p.  850, 1880. 
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itself  in  tliis  research.  It  is  stated  on  good  authority  that  around  tlie 
cathode  the  excitiibility  is  increased  even  with  strong  currents.  Tiger- 
stedt  found  that  this  was  true  on  the  very  pole  itself  with  mechanical 
stimulation.  And  it  is  very  likely  that  an  excitation  starting  at  the 
cathode  will  pass  more  easily  through  the  remaining  part  of  the  region 
of  depressed  conductivity,  than  if  it  started  with  the  same  intensity 
somewhere  in  the  intrapolar  area.  For  Werigo  found  that  it  did  not 
need  a  very  strong  current  to  block  the  impulse  altogether  for  intra- 
polar stimulation  at  a  little  distance  from  the  cathode.  The  same 
thing  lias  been  noticed  by  mo  in  expciimenlH  where  the  stimulating 
electrodes,  instead  of  being  median,  were  placed  at  different  parts  of 
the  intrapolar  area.  Even  for  the  extrapolar  cathodic  region  with 
descending  current  Engelmann^  found  that  the  excitability,  as  measured 
by  the  height  of  the  contraction,  only  increased  to  a  certAin  limit,  as 
the  jndarising  current  was  increased  in  strength,  and  then  declined, 
passing  on  into  a  depression  of  excitability,  which  was  more  marked  the 
nearer  to  the  pole  the  point  of  stimulation  was.  When  this  was 
removed  farther  and  farther  from  the  pole,  the  depression  gave  place  to 
increase  of  excitability.  This  observation,  which  is  very  difficult  to 
explain  on  the  ordinary  view,  becomes  at  once  intelligible,  if  we  suppose 
that,  in  addition  to  the  cathelectro tonic  increase  of  excitability  in  the 
whole  cathodic  region,  there  is  a  cathodic  depression  of  conductivity 
which  spivjwla  for  some  distance  outside  the  jwle. 

It  may  be  said,  it  is  not  unlikely  that  the  excitability  is  really 
diminished  with  strong  currents  near  the  pole.  I  have  nothing  to 
object.  But  it  is  certain  that  decrease  of  conductivity  does  not  advance 
pari  passu  with  decrease  of  excitability,  for,  if  it  did,  the  former  wouUl 
shew  itself  soonest  and  most  decidedly  in  the  anodic  region. 

To  sum  the  matter  uji,  there  seems  to  be  no  doubt  that  the 
conductivity  is  depressed  around  the  cathode  during  the  flow  except 
with  weak  currents.  There  is  very  strong  evidence  that  the  excitability 
is  increased.  What  are  we  to  say?  That  both  things  are  true, 
and  may  be  true  at  the  same  time.  It  is  not  difficult  to  think  of 
illustrations  of  such  a  state  of  mattei's.  Suppose  we  have  a  speaking 
tube,  with  a  joint  of  thin  metal  at  one  part  which  can  vibrate  like  the 
plate  of  a  telephone.  The  more  easily  this  is  set  in  vibi-ation,  the  more 
will  the  sound  waves,  set  up  at  the  mouth-piece  of  the  tube,  be 
weakened  in  passing  the  joint ;  the  more  will  the  conductivity  of  the 
tube,  we  may  say,  be  diminished  here.  But  it  will  be  easier  to  set  up 
sound  waves  in  the  tube  at  the  joint  itself,  the  more  vibratile  the  latter 

^  Pjlihjer'i  Archiv,  Bd.  in.  p.  403. 
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is.  In  other  words  tho  '*  excitability  "  of  the  arrangement  at  the  joint 
will  be  increased  as  the  "  conductivity  "  is  decreased.  If,  instead  of  the 
joint,  we  suppose  a  number  of  holes  at  one  part  of  the  tube,  the  same 
thing  will  happen. 

Or  imagine  that  we  have  two  boxes  of  equal  dimensions  with 
transparent  sides.  Put  into  each  an  equal  weight  of  metallic  sodium. 
Heat  one  till  it  is  filled  with  sodium  vai>our  at  a  tcmiKiraturo  below 
that  at  which  it  would  emit  light.  A  beam  of  sodium  light  will  be 
weakened  or,  it  may  be,  extinguished  in  passing  through  the  vapour. 
In  this  box  we  may  say  the  "conductivity"  for  the  sodium  light  is 
diminished.  It  will  require,  however,  less  heat  to  make  the  vapour 
luminous  in  this  box  than  to  volatiliso  the  sodium  in  the  other,  and  then 
raise  the  temperature  to  the  same  point.  Tho  "  impulse,"  that  is  to  Siiy, 
can  be  more  easily  evoked  where  the  "  conductivity  "  is  lessened.  In 
other  words  ''  excitability  "  is  increased  by  what  diminishes  the  conduc- 
tivity. 

Again,  to  put  the  case  a  little  more  generally,  let  us  suppose  that 
the  molecules  of  the  axis  cylinder  transmit  the  nerve  impulse  only  by 
vibration  in  the  longitudinal  direction.  Only  the  component  resolved 
in  this  direction  of  tho  force  acting  on  any  given  molecule  will  be 
effective  for  the  transmission  of  the  wave.  In  the  normal  uninjured 
nerve  we  may  assume  that  any  transverse  component  is  small,  because 
there  is  no  great  change  in  the  intensity  of  the  excitation  as  it  passes. 
Further,  let  us  suppose,  that  in  the  polarised  nerve  vibrations  in  all 
directions  are  rendered  easier  around  the  cathode,  the  molecules  being 
more  mobile.  In  this  region  the  nerve  will  be  more  easily  thrown  into 
tho  active  state,  that  is,  the  exciUibility  will  be  increased.  But  an 
impulse  set  up  at  another  part  will  tend  to  waste  itself  in  the  cathodic 
region,  by  setting  up  those  irregular  vibrations  which  are  not  effective 
for  its  propagation.  The  conductivity  will,  therefore,  bo  diminished 
here. 

It  is  hardly  necessary  to  repeat  that  these  are  only  illustrations  of 
what  may  happen,  and  are  not  intended  to  represent  what  does  happen. 

Fig.  12  shews  by  means  of  curves  how  the  stimulation  effects  in  the 
various  regions  are  related  to  each  other,  when  the  current  density  is 
taken  as  abscissa  and  the  galvanometer  deflection  as  ordinate,  the 
stimulus  being  supposed  constant.  The  continuous  curves  represent 
the  effect  during  the  flow ;  the  dotted  curves,  that  after  opening.  In 
(2)  and  (3)  e  means  extrapolar,  i,  intrapolar  stimulation  (median).  In 
(1)  stimulation  is  extrapolar.  a  means  stimulation  on  the  side  of  the 
anode,  c  on  the  side  of  tlie  cathpdoi 


POLARISED  NERVES 


r>3l 


Fio.  12. 
(1)  Intrapolar. 


(2)  Extrapolar  auodio. 


(3)  Extrapolar  cathodic. 
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THE  STROMATA  OF  THE  RED  CORPUSCLES.  By  W.  D. 
HALLIBURTON,  M.D.,  B.Sc,  Assistant  Professor  of  Physidogy, 
University -College,  London,  AND  WiilLTER  M.  FRIEND,  M.D., 
{Boston), 

{From-  His  Physiological  Laboratory,  University  College,  London.) 

The  constituents  of  the  mammalian  red  blood  corpuscles  are  haemo- 
globin, lecithin,  cholesterin,  a  small  amount  of  proteid  material,  and  a 
small  amount  of  inorganic  salts  of  which  the  most  important  is  potassium 
phosphate.  The  blood-pigment  is  by  far  the  most  abundant  of  these 
constituents;  about  80 — 00  per  cent,  of  the  dried  corpuscles  being  com- 
posed of  it.  It  can  bo  dissolved  out  from  the  corpuscles  by  numerous 
roa<(ont.s,  such  as  water,  ether,  dihito  acitls,  etc. ;  and  the  ci»lonrl(;.ss,  leKS 
soluble  portion  of  the  corpuscle  which  is  left  is  called  the  "stroma." 
The  stromata  retain  approximately  the  shape  of  the  original  corpuscles, 
but  they  are  swollen  by  the  reagent  used  to  dissolve  out  the  haemo- 
globin, and  in  the  case  of  some  reagents  are  ultimately  dissolved. 

The  stromata  are  composed  of  lecithin,  cholesterin,  proteid,  and 
inorganic  salts.  They  have  been  the  subject  of  research  by  Schmidt, 
Klihne,  Hoppe-Seyler  and  Wooldridge.  The  present  investigation 
was  undertaken  for  the  purpose  of  determining  the  nature  of  the  proteid 
contained  in  them,  and  the  plan  of  the  research  has  followed  very  much 
the  lines  of  previous  experiments  by  one  of  us*,  in  an  investigation  of 
the  proteid  constituents  of  the  white  corpuscles. 

The  methods  which  have  been  adopted  for  the  preparation  of  the 
stromata  arc  the  following: — 

Iloppe-Seyler's  metIiod\  Defibrinated  blood  is  mixed  with  ten 
times  its  volume  of  a  solution  of  sodium  chloride  (made  by  mixing  one 
volume  of  a  saturated  solution  of  sodium  chloride  with  nine  volumes  of 
water)  and  set  aside;  the  mixture  is  allowed  to  stand  for  a  day;  the 

>  Halliburton,  lirit.  Amoc,  Reportn,  1887,  1888.    Hoy,  Soc,  Proe,  Vol.  xmv.  p.  255. 
This  J&ttmal,  Vol.  ix.  p.  229. 

^  Ilopp€-SeyJer*8  Ilandhuch^  6te  Aufl.  1883,  p.  429. 
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fluid  is  decanted  from  the  subsided  corpuscles,  which  are  again  mixed 
with  tiio  Scilt  sohition,  and  allowed  to  stand  another  day;  the  process 
may  be  then  repeated.  This  separation  can  be  effected  in  a  much 
shorter  time  by  tlie  use  of  the  ceiitiifrugal  machhio.  The  mass  of 
corpuscles  ultimately  obtained  is  treated  with  water  to  remove  the 
haemoglobin,  then  shaken  with  water  and  ether,  and  lastly  the  stromata 
are  collected  on  a  filter. 

Kilhne*s  method^.  The  corpuscles  are  obtained  free  from  serum  as 
in  the  previous  case ;  they  are  dissolved  in  a  large  excess  of  water,  and 
the  solution  so  obtained  is  treated  with  a  stream  of  carbonic  acid  as 
long  as  white  flakes  continue  to  separate. 

Wooldridge's  method^.  Freshly  whipped  blood  is  mixed  with 
many  times  its  volume  of  2  per  cent,  sodium  chloride  solution,  and  the 
corpuscles  separated  from  the  salted  serum  by  the  use  of  the  centrifugal 
machine ;  the  mass  of  corpuscles  is  then  mixed  with  more  salt  solution 
of  the  same  strength,  and  the  process  repeated  several  times.  The 
corpuscles  which  are  thus  obtained  free  from  scrum  are  then  mixed 
with  five  or  six  times  their  volume  of  water,  and  a  little  ether  added 
until  the  solution  is  perfectly  transparent.  The  leucocytes  which  are 
unaltered  by  this  treatment  sink  to  the  bottom  of  the  vessel,  and  again 
the  separation  may  be  hastened  by  the  use  of  the  centrifuge.  The 
KUpornataut  ihiid  is  then  treated  with  a  few  dr(»ps  of  a  one  per  cent, 
solution  of  acid  sodium  sulphate,  until  the  fluid,  at  first  clear  becomes 
i\&  thick  «'U)  tlie  original  blood.  The  precipitate  consists  of  the  stromata 
which  soon  collect  together  to  form  coarse  flocculi,  and  may  be  collected 
on  a  filter. 

We  first  tried  Hoppe-Seyler's  method;  we  used  sheep's  blood, 
and  the  corpuscles  subsided  so  slowly  without  the  use  of  the  centrifugal 
macliinc  that  even  in  tlio  winter  time  putrefiiction  had  invariably 
coinnicuccd  before  the  process  was  completed.  Even  with  the  centri- 
fugal machine  we  found  that  the  corpuscles  did  not  at  all  readily  settle 
when  we  used  the  strength  of  saline  solution  recommended  by  Hoppe- 
Seyler.  We  found  too,  that  the  subsequent  processes  did  not  yield  an 
abundant  supply  of  stromata  so  readily  as  the  method  we  ultimately 
ado[)ted.  We  did  not  try  Kilhne's  method,  as  it  seemed  to  us  adapted 
to  obtaining  the  globulin-like  substance  of  the  red  corpuscle,  rather 
than  the  whole  stroma. 

1  Kuhnc's  Lehrbuch,  p.  193. 

^  WooldrUlgo,  Zur  Chemie  dcr  Hutkorjferchcn,    Da  Bois  RtymoiuVi  Archiv,  p.  387, 
1881. 
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The  method  we  ultimately  adopted  was  Wooldridge's  with  one 
slight  modification.  Instead  of  using  a  two  per  cent,  solution  of  sodium 
chloride,  we  employed  a  solution  of  half  that  strength,  as  we  found  that 
in  it  the  corpuscles  settled  more  ipiickly.  Wo  employed  tliccoiitrifuj^vl 
machine  throughout:  but  even  then  the  processes  are  so  prolonged,  that 
it  took  us  as  a  rule  from  seven  to  ten  days  to  obtain  a  quantity  of 
stromata  sufBcient  to  work  with. 

On  one  point  we  feel  inclined  to  difier  from  Woold ridge.  He  states 
that  the  mixture  of  ether  and  water  docs  not  dissolve  the  sti-omata,  but 
i-endei-s  them  so  swollen  and  transparent  that  they  esca|ie  detection;  the 
action  of  the  acid  soiliuni  sulphate  is  to  cuuho  tlicm  to  Hhrink  iogctlher  a^aiii. 
We  made  several  observations  on  this  point.  We  took  some  of  tlie 
watery  ethereal  liquid,  and  added  it  to  various  kinds  of  blood  (human,  sheep's, 
frog's)  under  the  microscope.  We  foimd  that  the  red  corpuscles  were  quickly 
rendered  colourless,  and  the  stromata  which  were  at  first  swollen,  became 
smaller  and  smaller  until  they  were  invisible  and  apparently  dissolved ;  the 
nuclei  in  the  case  of  frog's  blood  were  unaffected,  and  the  white  coi*puscles 
in  all  three  kinds  of  blood  were,  as  Woold  ridge  states,  apparently  unaffected 
also. 

In  adding  the  acid  sodium  sulphate  to  precipitate  the  stromata  we  found 
it  must  be  added  with  great  care ;  as  very  slight  excess  renders  the  stromata 
very  insoluble,  and  decomposes  the  haemoglobin.  It  changes  the  oxy- 
haemoglobin  into  methaemoglobin.  By  spectroscopic  examination  of  the 
filtrate  after  separating  the  precipitated  stromata,  we  usually  discovered  a 
trace  of  methaemoglobin;  a  faint  band  between  C  and  D  being  pi^esent.  This 
was  not  the  band  of  acid-haematin.  We  therefore  think  we  can  safely  say 
that  the  procipitate  contained  no  globin,  the  protcid  constituent  of  haemo- 
globin ;  otherwise  we  should  have  found  spectroscopic  evidence  of  haematin. 

The  question  then  arises  is  the  whole  of  the  stroma  contained  in  the 
precipitate)  Woold  ridge  considerod  that  it  was;  as  we  have  already  seen 
he  looked  upon  the  action  of  acid  sodium  sulphate  not  as  a  precipitation,  but 
as  a  shrinkage  action  upon  the  previously  swolKni  stroniat:),  and  in  this  Yi(;w 
of  the  case  he  is  supported  by  his  finding  lecithin  and  cholesterin  as  well  as 
proteid  matter  in  the  precipitate.  If  however  we  regard  the  action  of  the 
sulphate  as  a  precipitation  of  something  that  was  previously  dissolved,  we 
cannot  be  certain  that  the  whole  stroma  is  contained  in  the  precipitate. 
Acid  sodium  sulphate  is  a  very  powerful  precipitant  of  proteid  material,  as 
wc  determined  in  a  few  control  experiments  with  diluted  white  of  egg,  and  it 
is  therefore  possible  that  it  may  meroly  precipitate  the  proteid  matter  of  the 
dissolved  stromata  in  a  similar  way.  If  wo  adopt  this  view  of  the  way  iu 
which  it  acts,  we  aro  no  doubt  confronted  with  the  objection  we  just  urg^ 
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agaiiisb  Kilhno's  liietlioJ,  numoly,  that  ours  is  a  Diothod  which  gives  us  not 
all,  hut  only  a  ]»art  of  tlie  stroma.  Kiihno*s  carbonic  acid  method  is 
obviously  one  which  would  precipitate  only  globulin,  and  only  part  of  that ; 
Wo(»ldridgc's  method  is  one  which  would  at  least  precipitate  all  the 
protoida.  We  have  devoted  consider.ible  altentiou  to  this  objection  and  have 
arrived  finally  at  the  conclusion  that,  in  whichever  way  we  regard  the  action 
of  acid  sodium  sulphate,  we  have  in  the  precipitate  ultimately  obtained, 
virtually  all  the  constituents  of  the  stroma ;  even  although  the  action  of  the 
sulphate  is  a  mere  precipitation  of  proteids,  the  precipitate  carries  down  with 
it  sit  hijist  part  of  the  lecithin  and  cholest(M*iu ;  aud  as  we  were  particularly 
coiK'rnLcd  with  the  proteids,  it  really  mattered  but  little  to  us  if  some  of  the 
Iccitlun  and  cholesterin  remained  in  solution. 

Having  thus  obtained  a  precipitate  of  the  stromata  upon  the  filter, 
it  was  quickly  washed  from  adherent  oxyhaemoglobia  with  distilled 
yyaU'v  containing  a  trace  of  acid  sodium  sulpliatc  in  solution.  The 
op(Mation  of  washing  must  however  bo  rapidly  performed,  as  prolonged 
cxposiiro  to  water  or  still  more  to  water  coutaiuiug  acid  sodium  sulphate 
in  solution,  makes  it  very  insoluble.  When  freshly  prepared  the 
stromata  are  readily  soluble  in  0'2  per  cent,  hydrochloric  acid,  but  after 
a  time,  more  and  more  insoluble  residue  remains  beliind  after  treatment 
with  that  reagent. 

Our  investigations  of  the  proteids  contained  in  the  stromata  con- 
sisted in  making  extracts  of  the  precipitate  with  various  salino  media. 
In  a  previous  research  made  in  a  similar  way  on  lym2)h  cells,  one  of  us 
was  able  to  distinguish  in  those  cells  the  following  proteids: — 

1.  A  globulin  present  in  small  quantities  only,  which  coagulates  at 
the  temperature  of  4j8' — 50"  C.     {Cell-globulin  a.) 

2.  A  globulin  occurring  in  large  quantities  which  coagulates  in  a 
5 — 10  per  cent,  sodium  chloride  solution  at  60® — 05**  C. ;  and  in  solutions 
conL'iinin'g  a  minimal  quantity  of  sodium  chloride,  or  5  per  cent,  of 
magnesium  sulphate  at  75*  C.  This  proteid  (Cell- globulin  /9)  is  either 
identical  with  or  closely  associated  with  the  fibrin-ferment. 

3.  An  albumin  which  coagulates  at  73*  C.     (Cell-albumin.) 

4.  A  mucin-like  proteid  similar  to  that  described  by  Miescher 
in  pus,  and  called  hyaline  substance  by  Bovida.  This  swells  up 
into  a  jelly-like  substance  with  solutions  of  sodium  chloride,  or  mag- 
nesium sulphate  but  not  of  sodium  sulphate.  It  is  insoluble  in 
water,  and  is  precipitated  by  salts  like  globulins.  It  is  not  mucin,  as  it 
yields  no  reducing  sugar  after  treatment  with  dilute  mineral  acids. 
It  is  however  rich  in  phosphorus,  and  yields  nuclein  on  gastric  digestion 
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in  addition  to  albumosos  and  psptones.  It  thus  belong3  to  the  class  of 
proteids  called  nuclco-albunoins. 

5.  If  the  lymph  cells  are  not  examined  perfectly  fresh,  they  become 
acid  from  the  development  of  sarcolactic  acid,  and  the  proteolytic 
action  of  pepsin,  or  a  closely  allied  ferment  found  in  the  cell,  comes  into 
play  with  the  formation  of  albumoses  and  peptone. 

We  may  take  the  foregoing  as  giving  us  a  list  of  the  proteids  found 
in  typical  cells,  in  fact  the  proteids  of  protoplasm. 

The  proteids  of  liver  cells  were  investigated  by  P16sz*  in  a  very 
similar  way,  and  with  very  similar  results;  there  are  present  in  liver 
cells: — 

1.  A  protcid  coagulating  at  45^  C. 

2.  A  proteid  of  the  nature  of  a  globulin  coagulating  at  75^  C. 
8.    A  nucleo-albumin. 

The  proteids  of  muscular  fibres,  which  are  elongated  and  somewhat 
modified  cells,  show  differences  from  the  condition  of  original  protoplasm  : 
the  chief  modification  from  the  chemical  point  of  view  being  the  apjicar- 
ance  of  myosiuogon,  a  proteid  convertible  by  ferment  action  into  myositi. 

The  red  corpuscles  are  cellular  in  origin  also,  and  the  question 
arises,  how  far  do  they  resemble,  and  how  fur  do  they  differ  from 
unaltered  protoplasm  ?  The  presence  of  haemoglobin  is  undoubtedly 
something  entirely  different  from  what  we  find  in  typical  cells.  We 
must  therefore  look  for  resemblances  if  any  exist,  not  in  the  pigment, 
but  in  the  uncoloured  residue,  the  stroma. 

In  view  of  finding  an  answer  to  this  question,  wo  made  extracts  of 
the  precipitated  stromata  with  solutions  of  three  salts: — 

1.  Half  saturated  solution  of  sodium  sulphate. 

2.  Five  per  cent  solution  of  sodium  chloride. 

3.  Five  per  cent  solution  of  magnesium  sulphate. 

The  first  named  solution  (sodium  sulphate)  we  used  at  first',  because 
one  of  us  had  found  it  the  most  convenient  to  use  in  connection  with 
tlio  white  blood  corjHisclos.  Sodium  chloride  and  magncKiuni  sulphuto 
solutions  swell  np  the  white  blood  corpuscles  into  such  a  slimy  mass, 
that  subsequent  manipulations  are  greatly  hindered.  Sodium  sulphate 
has  not  this  objection.  We  found  subsequently  that  sodium  chloride 
and  magnesium  sulphate  solutions  do  not  cause  the  stromata  of  the  red 
corpuscles  to  swell  in  this  way,  and  we  consequently  in  our  later  experi- 
ments used  thcni  in  prcforencc  to  solutions  of  sodium  sulphate,  beauisc 

'  rjWyer't  Archiv,  Vol.  vii.  p.  371. 
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they  are  much  more  powerful  solvents.  Wo  found  also  that  the  more 
freshly  the  stromata  were  prepare*!,  the  more  readily  did  they  dissolve 
in  these  saline  media;  but  there  was  in  all  cases  a  certain  amount  of 
insoluble  residue.  These  solutions  and  this  residue  were  then  examined. 
It  will  be  most  convenient  to  describe  the  examination  of  these 
materials,  and  the  results  obtained  therefrom,  by  subdividing  the  general 
question, '  How  far  do  the  stromata  of  the  red  corpuscles  resemble  the 
white  in  regard  to  their  proteid  constituents?*  into  the  following  five 
subsidiary  questions. 

1.  Do  the  stromata  contain  cell  globulin  a  ? 

2.  Do  the  stromata  contain  cell  globulin  13  ? 
<i.     Da  the  stromata  contain  cell  albumin  ? 

4.  Do  the  stromata  contain  nuclein  or  nucleo-albumin  ? 

5.  Do  the  stromata  contain  albumoses  or  peptone  ? 

1.  Do  the  stromata  contain  cell-globulin  a?  We  examijied 
the  temperature  of  heat-coagulation  of  the  proteids  in  a  good  many 
i^aline  extracts  of  the  stromata,  but  there  was  never  any  appearance  of  a 
cloudiness,  much  less  precipitate,  below  the  temperature  of  60*0.  We 
can  therefore  safely  say^  that  the  stromata  do  not  contain  cell- 
globulin  a, 

2.  Do  the  stromata  contain  cell-globulin  fit  This  proteid 
will  in  the  subsequent  i>ortions  of  the  pa[>cr  be  spoken  of  simply  as  cell- 
globulin. 

Cell-globulin  as  obtained  from  the  white  corpuscles  resembles 
paraglobulin  or  serum-globulin  very  closely.  Its  characteristics  are  as 
follows : — 

a.  In  solutions  containing  a  minimal  amount  of  salt,  or  from  5  to 
10  per  cent,  of  magnesium  sulphate,  it  is  coagulated  at  a  tempera- 
ture of  7."/ C. 

6.  In  solutions  containing  5 — 10  i)er  cent,  of  sodium  chloride,  it 
is  coagulated  at  a  much  lower  temperature,  CO* — 65**  C. 

c.  It  is  precipitable  from  its  solutions  by  carbonic  acid,  by  dialysis, 
and  by  saturation  with  sodium  chloride  incompletely;  by  satura- 
tion with  magnesium  sulphate  or  ammonium  sulphate  com- 
pletely. 

d.  It  possesses  fibrinoplastic  activity;  i.e.  it  has  the  power  of 
hastening  the  formation  of  fibrin  in  dilute  salted  plasma,  or 
in  pure  plasma  (i.e.  vein  plasma,  or  pericardial  and  similar 
fluids).  It  is  thus  cither  identical  with,  or  closely  connected  to 
the  fibrin  ferment. 
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Cell-globulin  resembles  pure  scrnm-globulin  in  cbaracteristics  a  and 
c ;  they  differ  from  one  another  in  characteristics  h  and  d. 

From  our  examination  of  saline  extracts  of  the  stromata  of  the  red 
corpuscles,  we  find  that  they  contain  abundance  of  cell-globulin.  The 
following  are  the  facts  upon  which  this  conclusion  rests. 

1.  Ileal  coagulation.  On  heating  a  faintly  acidified  extract  of  the 
stromata  made  with  5  per  cent,  magnesium  sulphate  solution,  it  becomes 
oi)aloscent  at  70*  C.  and  a  flocculent  precipitate  occurs  at  temperatures 
varying  from  73*  to  77*,  but  most  frequently  at  75*  C.  On  filtering  off 
this  precipitate,  there  is  practically  no  proteid  found  in  the  filtrate. 

On  heating  a  fiiintly  acidified  extract  of  the  stromata  made  with  5 
pi^r  cent  sodiinn  chloride  .solution,  it  becomes  opalescent  at  GO*  and  a 
flocculent  precipitate  occurs  at  05" — GO*  0. 

On  saturating  a  saline  extract  of  the  stromata  with  magnesium 
sulphate,  a  precipitate  is  produced.  If  this  precipitate  be  washed  with 
saturated  solution  of  magnesium  sulphate,  it  can  be  redissolved  on  the 
addition  of  water,  the  adherent  salt  rendering  it  soluble.  The  solution 
so  formed  is  faintly  opalescent;  or  making  this  solution  slightly  acid 
with  2  per  cent,  acetic  acid,  and  heating  it  gradually,  it  becomes  more 
opalescent  at  70^  and  a  flocculent  precipitate  occurs  at  75*0. 

If  the  precipitate  produced  by  saturation  with  magnesium  sulphate 
be  dissolved  in  5  per  cent  sodium  chloride  solution,  rendered  faintly 
acid  as  before  and  heated,  opalescence  occurs  at  60*,  and  a  flocculent 
precipitate  at  66*  C. 

ii.  Precipitation  by  salts,  etc.  As  just  stated,  a  precipitate  is  pro- 
duced by  saturating  a  saline  extract  of  the  stromata  with  magnesium 
sulphate ;  saturation  with  ammonium  sulphate  causes  an  equally  dense 
precipitate ;  saturation  with  sodium  chloride  causes  a  considerably  less 
dense  precipitate,  showing  that  this  salt  does  not  cause  such  complete 
precipitation  of  the  proteid  as  the  other  two  just  mentioned. 

A  stream  of  carbonic  acid  also  causes  a  fine  precipitate. 

Dialysis  of  a  saline  extract  of  the  stromata  in  a  stream  of  running 
water,  causes  the  contents  of  the  dialyser  to  become  turbid  from  the 
partial  precipitation  of  the  proteid  originally  in  solution.  In  this  as  in 
all  experiments  in  which  dialysis  was  employed,  putrefaction  was  pre- 
vented by  the  addition  of  crystals  of  thymol. 

iii.  Fihiinoplastic  poivei's.  The  globulin  which  is  thus  proved  to  be 
present  in  the  stromata  of  the  red  corpuscles  possesses  marketl  fibrino- 
plastic  activity.     The  details  concerning  this  power  may  be  conveniently 
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stated  in  the  form  of  a  Dumber  of  propositions,  after   the  statement 
of  each  of  which,  we  will  quote  illustrative  experiments. 

a.  A  saline  extract  of  the  stromata  when  added  to  dilute 
salted  plasma  hastens  its  coagulation. 

Experiments.  Sheep's  sodium  sulphate  phisma  was  dilated  in  each  case 
to  six  times  its  volume,  and  allowed  to  stand  in  some  cases  at  the  atmospheric 
temperature  of  about  13^  C.  in  other  cases  in  a  water  bath  at  the  temperature 
of  40"  C. 

One  H[)eciincn  diluttul  with  water;  coagulation  occurred 


al  13»  C. 
in  50  minutes 


at  iOfi  0. 
in  40  minutes. 


Another  specimen  diluted  with  a  sodium  sulphate  extract  of  stromata, 
which  had  been  freed  from  excess  of  salt  by  a  few  dajs'  dialysis;  coagulation 
occurn«l 


at  13»  C. 
in  10  minutes 


at  dO»  0. 
in  5  minutes. 


Other  experiments  were  performed  with  sheep's  magnesium  sulphate 
plasma,  which  when  diluted  clots  mo]*e  slowly  than  does  sodium  sulphate 
plasma. 

One  specimen  was  diluted  to  six  times  its  volume  with  water :  coagulation 
liad  not  occiUTcd  48  liours  afterwards. 

Another  specimen  diluted  to  the  same  extent  with  the  sodium  sulphate 
extnict  of  stromatji  mentioned  above,  clotted  in  a  few  hours  both  in  the  water 
bath  at  40"  aud  in  tbe  air  at  Vd""  C. 

5.  The  globulin  precipitated  from  saline  extracts  of  the 
stromata,  by  saturation  with  magnesium  sulphate,  has  when 
rodissolvcd,  marked  fibrinoplastic  properties. 

ExrKuiMKNi'S.     Sheep's  so<1tum  sul[)liate  plasma  was  used  as  before,  and 
diluted  in  each  case  to  six  times  its  volume. 
One  specimen  diluted  with  water  coagulated 


at  13»  C. 

in  50  minutes 


at  40<^  C. 
in  40  minutes. 


Another  specimen  diluted  with  a  solution  of  the  globulin  obtained  from 
the  stromata  by  precipitation  with  magnesium  sulphate,  and  freed  from  excess 
of  sidt  by  a  few  days'  dialysis,  coagidated 


at  13«  0. 
in  10 — 12  minutes 


at40«0. 
in  6 — 8  minutes. 
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c.  This  same  globulin  causes  the  formation  of  fibrin  in 
fluids  like  hydrocele  and  pericardial  fluids. 

Experiments.  A  quantity  of  ascitic  flui  1  was  divided  into  two  parts,  A 
and  B ;  A  underwent  no  further  treatment  and  had  not  coagulated  even  after 
48  hours :  to  B  a  few  dro))s  of  solution  of  the  globulin  were  added,  and  in  a 
few  hours  there  was  a  marked  formation  of  fibrin. 

An  exactly  similar  result  was  obtained  with  hydrocele  fluid,  using  another 
preparation  of  the  stroma-globulin ;  while  in  the  control  specimen  there  was 
no  formation  of  fibrin,  there  was  after  about  half-^tn-hour  (at  40'  C.)  a  firm 
clot  in  the  specimen  to  which  a  few  drops  of  the  globulin  solution  had  been 
added. 

d.  The  fibrinoplastic  power  of  this  globulin  is  destroyed 
at  the  same  temperature  as  that  at  which  the  globulin 
itself  enters  into  a  condition  of  heat-coagulation.     (75® — 80* C.) 

ExPEBiMENT.  A  solution  of  the  globulin  obtained  from  the  stromata  by 
precipitation  witli  solid  magnesium  sulphate  was  rendered  faintly  acid  and 
divided  into  three  parts  A,  B  and  C. 

A  was  not  furtlicr  ti*oatcd. 

B  was  kept  at  a  temperature  of  70^  C.  for  15  minutes,  and  subsequently 
cooled. 

0  was  kept  at  a  temperature  of  77* — 80*  0.  for  15  minutes,  and 
subsequently  cooled. 

Sodium  sulphate  plasma  (sheep)  was  diluted  to  six  times  its  volume. 

Coagulation  oecnrred 


with  water 
with  solution  A 
with  solution  B 
with  solution  C 


at  tcmperatnro  of 
room,  11«— 15«C. 


96  minutes 

12 

12 


12        „ 


If 


At  temporatui-c  of 
water  bath,  4a»C. 


53  minutes 
3 
3-4 


3        ,. 


75        „ 


e.  The  globulin  obtained  from  the  stromata  is  precipit- 
able  by  dialysis;  on  the  removal  of  this  precipitate  by 
filtration,  a  good  deal  of  globulin  still  remains  in  solution. 
The  filtrate  therefore  still  retains  considerable  but  slightly 
diminished  fibrinoplastic  properties. 

ExPERiMBNT.  A  solution  of  the  globulin  was  dialysod  for  14  days.  At 
the  end  of  this  time  there  was  an  abundant  precipitation.  The  fluid  with 
tlio  precipitate  suspended  in  it  was  divided  into  two  piirts,  A  and  B ;  A  was 
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filtered,  and  tlie  iiltrato  used  iu  tlio  subsequent  part  of  the  expentnent,  B 
underwent  no  treatment. 

Sliccp's  sodium  sulphate  plasma  was  dihitcd  in  each  case  to  six  times  its 
vohime. 

Coagalntion  occurred 


Diluted  with  water 

Dihited  with  filtrate  from  A 

Diluted  with  B 


at  13«  0. 

50  minutes 

12 

10 


at  40«  C. 

40  minutes 
6—7 
4—5 


99 


it 


f.  When  means  are  taken  to  completely  separate  the 
globulin  from  a  saline  extract  of  the  stromata  by  thorough 
saturation  with  magnesium  sulphate^  all  fibrinoplastic  power 
is  also  removed  from  the  solution. 

ExPRRiMENT.  The  globulin  was  precipitated  from  an  exti'oct  of  stromata 
by  means  of  repeated  satumtion  with  magnesium  sulphate,  and  removed  by 
filtration.  The  precipitate  was  washed  and  then  redissolvcd  by  the  addition 
of  water,  and  the  solution  so  obtained  was  freed  fix>m  excess  of  salt  by 
dialysis  The  filtrate  from  which  the  precipitate  produced  by  magnesium 
sulphate  had  been  removed  was  also  freed  from  excess  of  salt  by  means  of 
dialysis. 

Sheep's  sodium  sulphate  plasma  was  diluted  to  six  times  its  volume  with 
the  K(»lulion  of  the  ghtbulin  and  coagulated  in  from  5 — 10  minutes.  Another 
si>ecimcn  of  the  same  salted  phisma  was  diluted  to  the  same  extent  with  the 
globulin-free  filtrate,  and  hod  not  coagulated  oven  after  48  hours. 

From  all  thcvse  experiments  we  can  conclude : — 

That  the  stromata  of  the  red  corpuscles  contain  a  globulin 
that  in  heat-coagulation  temperature,  precipitability  by  salts 
.and  other  reagents,  and  in  ferment  activity  resembles  the 
proi.oid  oallc.d  coil-globulin  dcrivcul  from  lymph-colls  or  wliito 
blood  corpuscles. 

That  therefore  stroma-globulin  and  cell-globulin  are  pro- 
bably identical. 

The    question   whether   the   globulin    and    fibrin-ferment 

1  Wo  found  coiiRiilcrnblo  diflioulty  in  removing  tho  Ifisi  traces  of  globulin  by  this 
method;  tho  precipitate  is  so  fine  that  small  quantities  pass  through  the  filter  pai}er. 
However  by  rc(>eated  shakings  with  excess  of  the  salt,  and  filtration  many  times  through 
the  snmc  filter  paper,  we  obtained  in  two  specimens  a  final  filtrate  that  contained  wo 
globulin  and  possessed  no  ferment  activity.  A  similar  difBculty  was  found  by  one  of  us 
in  separating  the  last  traces  of  globulin  from  the  serum  of  horses*  blood.  (This  Joumol, 
Vol.  IX.  pp.  261,  2G2.) 
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are  identical,  or  merely  in  close  relationship  with  one  another 
must  still  be  left  to  a  certain  extent  open;  the  balance 
of  evidence  appears  to  us  however  to  be,  that  the  fibrin- 
ferment  is  identical  with  cell-globulin. 

Two  possible  objections  might  bo  urgod  against  the  hist  of  these  couchi- 
sions,  namely,  first  that  the  ferment  action  is  due  to  conti\mi nation  witli 
seruin,  and  secondly  that  it  is  due  to  contamination  with  haemoglobin.  In 
order  to  see  whether  it  was  possible  that  any  constituents  of  serum  might  be 
pi-escnt,  we  took  a  quantity  of  serum  and  treated  it  in  exactly  the  same  way 
as  we  had  treated  defibriuated  blood  in  order  to  pix3[>aro  the  stromata,  and 
the  resulting  solution  gave  no  protoid  reactions  and  possessed  no  ferment 
activity  as  tested  with  dilute  baited  pl:i8m:i.  This  disposes  of  the  first 
olijoction.  With  rt*gaixl  to  tlie  second,  the  solutions  of  stromata  that  we 
employed  were  always  perfectly  colourless ;  still  in  order  to  be  quite  certain, 
we  made  a  solution  of  pure  oxyhaemoglobin  crystals  from  rat's  blood,  and  on 
testing  this  with  dilute  salted  plasma  found  that  it  had  no  power  to  hasten 
coagulation '. 

3.  Do  the  stromata  contain  cell-albumin  ?  We  tested  for  the 
prrscnco  of  cell-albunun  in  four  ditToront  specimens  of  .stronial^u.  Tiiis 
we  did  by  saturating  saline  extracts  of  the  stromata  with  magnesium 
sulphate,  filtering  off  the  resulting  precipitate  and  then  examining  the 
filtrate  for  albumin.     The  results  obtained  were  as  follows : — 

Preparation  1.    The  filtrate  obtained  as  just  described  contained  no 

proteid. 
Preparation  2.     The  filtrate  gave  a  faint  xanthoproteic  reaction, 
but  gave  no  precipitate  on  acidulating  and  boiling,  or  any  other 
evidence  of  the  presence  of  albumin. 
Preparation  3.     The  filtrate  gave  a  fairly  well-marked  xanthoproteic 

reaction,  but  no  precipitate  on  acidulating  and  boiling. 
Preparation  4.    The  filtrate  gave  not  only  a  well-marked  xantho- 
proteic reaction,  but  on  acidulation  and  heating  a  precipitate 
occurred  at  about  70**  C.     This  preparation  however  contained  a 
small  quantity  of  impurity  in  the  shape  of  haemoglobin. 
From  the  examination  of  the  first  three  preparations  which  are  the 
most  trustworthy,  we  conclude  that  cell-albumin  is  either  absent 

1  At  Bohmidt  origintiUy  snppascd  that  hneinofvlobin  was  fibrinopluKtic,  bnt  further 
rcBearches  by  his  pupils  liausohenbaoh  (hiaug,  l)u$.,  DoqMit,  1882)  and  Nauok  {Inauff. 
Vina.,  Doipat,  188G),  and  by  Wooldridgo  {PraetUioner,  p.  187,  1836)  have  sliown  that 
the  power  of  hastening  coagulation  bclon;;R  not  to  Clio  pigment  but  to  tlic  Bli-omala. 
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or  only  present  in  minute  traces  in  the  stromata  of  the  red 
corpuscles. 

4.    Do  the  stromata  contain  nuclein  or  nucleo-albumin  ? 

The  red  corpuscles  are  in  mammalian  animals  devoid  of  a  nucleus,  and 
the  question  whether  they  contain  the  characteristic  constituent  (nucloiii) 
of  nuclei  is  not  devoid  of  interest. 

Lauder  Brunton^  was  the  first  to  demonstrate  the  mucin-Iike 
characters  of  the  substance  of  the  nuclei  contained  in  the  red  corpuscles 
of  birds,  and  P16sz*  showed  that  this  substance  contains  a  high 
percoiitago  of  phosphorus,  and  is  identical  with  the  nuclein  obtained 
from  the  nuclei  of  pus  cells  by  Miescher'. 

Worm-Muller*  appears  to  have  been  one  of  the  first  to  advance 
the  suggestion  that  nuclein  is  not  confined  to  the  nuclei  but  is  present 
in  the  cell  protoplasm  also.  This  has  been  confirmed  by  other  observers  ; 
the  nuclein  in  the  cell  protoplasm  is  however  combined  with  a  proteid, 
and  the  compound  so  formed  is  called  a  nucleo-albumin  ^ 

Nucleo-albumin  has  been  described  in  the  liver  cells  by  Flosz^  in 
the  cells  of  the  submaxillary  gland  by  Hammarsten^  in  cells  from 
lymphatic  glands  and  in  the  cells  of  the  thymus  glands  by  one  of  us^ 

In  lymph  cells,  the  nucleo-albumin^  is  the  most  abundant  proteid 
present,  and  it  is  owing  to  this  substance  that  the  cells  form  a 
mucinoid  slimy  mass  when  treated  with  solutions  of  sodium-chloride,  or 
magnesium  sulphate. 

When  the  stromata  of  red  corpuscles  are  treated  with  solutions  of 
either  of  these  salts,  there  is  not  the  faintest  indication  of  the  formation 
of  any  such  slimy  material :  part  of  the  stromata  goes  into  solution, 
namely,  the  cell-globulin ;  part  remains  undissolved ;  the  unsoluble 

^  Lauder-Brunton,  Joum.  of  Anat.  and  Fhyniol.y  2nd  series,  Vol.  ni.  p.  01. 

•  Pldsz,  Iloppt'ScyUr'*  Med,  Chem,  Unters,,  Heft  iv.  p.  460. 
'  MiuHcher,  ihid.  p.  '1 11. 

<  Worin-MuUor,  rjWucys  Archiv,  Vol.  viii.  p.  100. 

'  Kucloo-albuiiiin  appears  to  be  probably  identical  with  the  substance  called  i)]aHtin 
which  has  l)ccn  described  by  lleinko  and  llodewald  {Unters.  aus  d,  hotan.  Lab,  Univ. 
G&itwgen,  1881)  and  by  £.  Zacharias  {Botan,  Zeiinng^  p.  281,  18S7).  These  observers 
have  relied  chiefly  upon  mioroohemical  reactions  for  its  detection  in  the  cells.  The  term 
plastin  is,  however,  used  in  a  different  sense  by  another  botanical  chemist,  Schwartz 
(Die  Morph,  ii.  ehnti,  Xiixninmeiutclzniiff  d,  Protop.^  nrcHlau,  1887):  ho  applies  the  immo 
pliistin  to  the  whole  of  the  proteid  subslanco  of  colls,  not  to  any  i)artiuular  constituent  of 
it.    Nuclein  m  apparently  identical  with  the  chronuiliii  of  niicroscopists. 

•  ritfsy.,  rjU'nfer'H  Archio,  Vol.  vii.  p.  371. 

'  llammarstcn,  Zcit, phytioh  CJtem.t  Vol.  xii.  p.  103. 
»  Halliburton,  Brit.  Attoc.  ReporU,  1888. 

•  Nncleo-globulin  would  be  a  more  correct  designation. 
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residue  is  especially  large  if  the  preparation  has  been  allowed  to  stand 
under  water,  or  a  dilute  solution  of  acid  sodium  sulphate  for  some  hours. 
It  might  be  said  that  this  insoluble  residue  may  contain  a  nucleo- 
albumin  which  differs  from  that  derived  from  white  corpuscles,  in  not 
forming  a  stringy  mass.  It  however  appears  to  us,  that  the  cell- 
globulin  is  practically  the  only  proteid  present,  and  that  the  insoluble 
residue  which  increases  with  the  lapse  of  time  after  the  preparation  of 
the  stroroata,  does  not  contain  a  different  proteid,  but  simply  the  same 
proteid  which  has  been  rendered  insoluble  by  the  action  of  reagents. 

The  question  however  is  not  wholly  settled  by  experiments  with  the 
stromata  prepared  in  the  way  we  have  described  ;  for  it  is  possible  that 
the  reagents  used  may  have  some  action  upon  the  nuclco-allmmin  so 
that  it  no  longer  shows  its  characteristic  properties. 

Accordingly  by  the  use  of  the  centrifugal  machine  we  obtained  a 
supply  of  red  corpuscles  wholly  free  from  serum. 

These  were  divided  into  several  parts;  to  one  portion  a  five  per 
cent.,  to  another  a  ten  per  cent,  solution  of  sodium  chloride  were  added ; 
to  a  third,  fourth,  and  fifth  portions,  a  five  per  cent,  solution  of  magnesium 
sulphate,  a  ten  per  cent,  solution  of  the  same  salt,  and  a  five  per  cent, 
solution  of  ammonium  sulphates  were  respectively  added ;  but  in  no  case 
was  there  any  formation  of  a  gelatinous  mass,  which  when  poured  into 
water  extends  in  cohesive  strings  bearing  a  superficial  resemblance  to 
fibrin  threads.  According  to  this  experiment  then,  the  unaltered  red 
corpuscles  do  not  contain  the  nucleo-albumin  so  characteristic  of  the 
white  corpuscles. 

The  experiment  was  repeated  twice,  using  other  preparations  of  the 
corj)usclcs  similarly  niade,  with  the  same  resuH.. 

In  two  other  cases,  however,  there  was  a  small  formation,  or  what  we 
took  to  be  a  small  formation  of  this  stringy  substance.  In  one  case  it 
was  fairly  well  marked ;  but  in  the  other  case  one  of  us  felt  somewhat 
imcertain  as  to  whether  the  result  was  to  be  regarded  as  a  positive  one 
or  not.  We  will  therefore  describe  the  one  clearly  positive  result  we 
obtained. 

We  used  defibrinated  sheep's  blood  as  in  all  these  experiments;  by 
centrifugalising  with  a  one  per  cent,  solution  of  sodium  chloride 
(repeating  the  operation  three  times)  we  obtained  the  corpuscles  free 
from  serum.  The  volume  of  the  mass  of  corpuscles  so  obtained  was 
about  60  C.C.;  to  this  we  added  five  grammes  of  sodium  chloride*, 

>  This  is  a  method  we  often  Adopted  instead  of  adding  an  already  prepared  solntion  of 
the  salt. 
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grinding  it  up  with  the  corpuscles  in  a  mortar  till  it  was  all  dissolved. 
There  was  however  no  general  jellying  throughout  the  mass.  On 
leaving  this  to  stand  for  a  few  hours,  the  upper  surface  appeared  a  little 
clearer  than  the  lower  portions ;  this  was  Bkimmcd  off*,  and  tho  lower 
portions  of  tho  litpiid  were  found  to  be  thick,  but  there  was  no  coherent 
gelatinous  appearance.  The  portion  skimmed  off  from  the  surface  was 
however  distinctly  gelatinous;  on  pouring  it  into  a  beaker  full  of 
distilled  water,  there  wtis  a  formation  of  fibrin-like  strings:  these  at 
first  coloured  became  quite  white  in  a  few  minutes  and  then  shrank  up, 
foniiiii^  llLLh*.  particles  floating  on  tho  surHico  of  the  water. 

This  specimen  of  blood  was  found  on  microscopic  examination  to 
contain  a  large  excess  of  colourless  corj)uscles,  and  we  jirc  inclined  to 
attribute  the  presence  of  nucleo-albumin  to  these,  and  not  to  the 
stromata  of  the  red  corpuscles. 

Among  previous  observations  as  to  the  presence  of  nuclein  in  red 
corpuscles  may  be  mentioned  those  of  Hoppe-Sey  ler  and  Wooldridge. 

Hoppe-Seyler*  states  that  the  nucleated  red  blood  corpuscles  of 
birds,  reptiles,  etc.  contain  nuclein,  and  a  greater  quantity  of  proteid 
than  the  non-nucleated  red  blood  corpuscles  of  mammals,  and  that 
nuclein  is  absent  from  the  latter. 

Wooldridge'  in  one  of  his  earliest  papers  states  that  a  nuclein-like 
proteid  (nnclco-albuinin)  is  present  in  the  stroma  of  mammalian'  red 
1)Io<h1  corpuscles,  but  in  so  small  a  quantity  that  it  was  impossible  to  be 
j)ositive;  later  researches  however  showed  him  that  lecithin  is  the  only 
phosphorus-containing  substance  in  the  stroma*. 

There  thus  appears  to  be  a  general  consensus  of  opinion  that 
nuclein  and  nucleo-albumin  are  not  present  in  the  stromata  of 
the  rod  blood  corpuscles. 

5.  Do  the  stromata  contain  albumoses  or  peptone?  After 
the  S(*p:imtion  of  tlie  proteid  coagulablo  by  heat,  the  sjilino  oxtnu*.tK  of 
the  stromata  which  we  prepared  did  not  give  the  typical  albumose 
reaction  (a  precipitate  with  nitric  acid  disappearing  on  heating  and 
reappearing  on  cooling),  nor  the  biuret  reaction  (the  red  colour  with  a 
trace  of  copper  sulphate,  and  excess  of  caustic  potash)  so  characteristic 
of  the  products  of  proteolysis,  i.e.  of  albumoscs  and  peptones. 

1  Hoppo-Soyler'B  Ilandbuchf  Cth  Anil.  p.  429. 
3  Wooldridge,  Du  UoU  lUyvwruTi  Archiv,  p.  892,  1881. 

'  Wooldridge  docs  not  expressly  state  what  blood  he  nsod,  but  from  the  context  wo 
judge  that  it  was  niainiualian. 

-•  Wooldridge,  rraciitioner,  p.  187, 188C. 
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On  saturating  a  sodium  sulphate  extract  of  stromata  with  ammonium 
sulphate  a  precipitate  was  produced;  this  was  filtered  off*,  and  the 
filtrate  was  preserved  (A). 

On  saturating  a  sodium  chloride  extract  of  the  stromata  with 
ammonium  sulphate  a  prccipitiitc  was  produceil ;  this  was  filtered  olT 
and  the  filtrate  preserved  (B). 

On  saturating  a  magnesium  sulphate  extract  of  the  stromata  with 
ammonium  sulphate  a  precipitate  was  produced;  this  was  filtered  off 
and  the  filtrate  preserved  (C). 

The  filtrates  A  and  B  were  completely  free  firom  proteid,  and  thus 
peptone  (which  is  the  only  proteid  not  precipitable  by  saturation  with 
ammonium  sulphate)  was  aksent.  The  filtrate  C  however  contiino<l 
proteid,  but  it  was  not  peptone :  the  proteid  present  was  a  globulin  as 
it  was  precipitable  by  heat,  and  by  dialysing  out  the  salt  from  the 
solution.  This  leads  us  to  mention  what  one  of  us  has  confirmed  bv 
experiments  with  serum  that  the  presence  of  magnesium  sulphate 
partially  hinders  the  precipitfition  that  would  otherwise  be  produced  by 
wviiiration  with  ammonium  »ulphaLe.  This  is  a  soniowhal  ini|M>rl4inL 
practical  point  in  view  of  the  large  use  now  made  of  these  neutral  salts 
for  the  separation  of  proteids.  It  is  probably  oxpliuiblo  on  tlio  KupiKiKi- 
tion  that  the  two  salts  form  a  double  sulphate  (MgSo^ .  Am^o^ .  6H,0) 
which  has  the  power  of  precipitating  proteids  to  a  limited  extent  only'. 

Our  experiments  then  have  shown  that  albumoses  and  peptones 
are  not  contained  in  the  stromata  of  the  red  corpuscles. 

General  concluBions.  In  a  recent  paper  on  the  red  blooil 
corpuscles,  Hoppe-Seyler"  expresses  the  opinion  that  the  chemical 
structure  of  these  corpuscles  is  not  that  very  generally  held,  that  they 
arc  composed  of  protoplasm  infiltrated  with  pigment,  but  rather  that 
the  pigment  in  them  replaces  protoplasm  to  a  very  great  extent.  We 
have  instances  of  the  replacement  of  protoplasm  by  other  substances  in 
various  parts  of  the  body:  for  instance,  the  replacement  of  the  proto- 
phusm  of  goblet  cells  by  nuicin,  or  of  epidermal  cells  by  kenitin  ;  and  il. 
is  in  a  similar  sense  that  Hoppe-Seyler  appears  to  regard  the  replace- 
ment of  the  protoplasm  of  red  blood  corpuscles  by  haemoglobin  or 
oxyhaemoglobin*. 

1  Compare  remarks  on  the  formation  of  another  similar  sulphate  in  my  Paper  on 
»'  Proteids  of  Scniin  ":  thiH  JonrnnI,  Vol.  v.  pp.  180,  181. 

*  Iloppo-Scylcr,  Zeit.  pbysiol.  Chein,^  Vol.  xiii.  (1880). 

'  Hoppe-Seyler  calls  the  pigment  in  the  red  corpuscles  of  arterial  hlood  arterin,  of 
venous  blood  phlcbhi,  lie  points  out  that  thcne  pigments  differ  from  the  RuhRtanoca 
oxyhaemoglobin  and  haemoglobin  that  can  bo  separated  out  from  the  corpuscles.    Arterin 
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Our  own  experiments  go  far  to  support  Hoppe-Soyler's  views. 
The  mammalian  red  blood  corpuscle  is  not  a  cell  in  the  strict  morpho- 
logical sense  of  the  word ;  it  has  no  nucleus.  It  is  also  not  a  cell  in  the 
diomical  sonso,  for  not  only  is  nucloin  absent,  but  the  only  protoid 
present  of  the  four  normally  existing  in  typical  cells  is  cell-globulin,  and 
this  exists  in  the  stroma  in  small  quantities  only. 

Previous  observations  on  this  proteid  are  as  follows : — 

Hoppc-Scyler'  contents  himself  with  saying  that  the  proteid  is  a 
globulin ;  that  it  coagulates  at  75**  C.  and  is  prccipit«ible  by  saturation 
with  sodium  chloride. 

Kuhne'also  speaks  of  it  as  a  globulin ;  he  states  it  is  precipitable  by 
a  stream  of  carbonic  acid ;  that  it  acts  iibrinoplastically,  and  that  it  is 
paraglobulin. 

Hammarstcu'  showed  that  pure  paraglobulin  has  no  fibrinoplastic 
action,  and  that  A.  Schmid  t's  name ''  fibrinoplastic  substance  "  is  there- 
fore a  misnomer.  Fibrin  is  formed  from  fibrinogen  by  the  activity  of  the 
fibrin-ferment,  and  any  fibrinoplastic  activity  the  globulin  of  serum  may 
have  is  due  to  admixture  with  fibrin-ferment,  or  to  adopt  the  nomen- 
clature one  of  us  has  introduced,  with  cell-globulin,  derived  from  tho 
disintegration  of  the  white  blood  corpuscles. 

Woold ridge*  also  speaks  of  the  proteid  as  paraglobulin,  and  states 
that  it  coagulaLcs  in  a  4 — 5  por  oonL.  .solution  of  sodium  chloride  al. 
?il)out  G(I"C.;  a  fact  which  wc  have  fully  confirmed. 

As  alri'july  staled,  fibrin  ferment  luis  been  prepared  from  the 
Rtromata  by  Schmidt's  method*  by  several  of  Schmidt's  pupils 
(Nauck,  Rauschenbach,  Kriiger). 

Two  observers  (Kriiger  and  Wooldridge)  have  found  that  injection 
of  the  stromata  into  the  circulation  causes  extensive  intravascular 
clotting.  Kriiger**  attributes  this  action  to  the  fibrin-ferment',  Wool- 
dridge" on  the  other  hand  to  the  lecithin  the  stromata  contain. 

is  i)i'ol)ably  a  couipouud  of  oxyhaomoglobiu  with  lecithin,  phlobin  of  haemoglobin  with 
lecithin. 

^  Physiol,  Chemiet  p.  891.  ^  Lehrlntch  der  physiol,  CltemiCf  p.  198. 

»  PJluger't  Arch.,  Vol.  xvn.  p.  447 ;  Vol.  xvm.  p.  89 ;  Vol.  xix.  p.  363 ;  Vol.  xxii.  p.  431. 

*  Dn  JUn$  IleynwmVs  Archiv,  p.  390,  1881. 

^  That  is,  extracting  tho  dried  precipitate  produced  by  alcohol,  >vitli  water. 

*  Kriiger,  Zeil»chr,f.  Biol,,  Vol,  xxiv.  p.  189. 

7  Birk  {Inaug,  7>im.  Dorpat,  1880;  Maly*8  Juhresh.,  1881),  Edelberg,  and  Kiihlcr 
havo  all  shown  that  injection  of  fibrin  ferment  into  the  circulation  genei-aUy  causes  intra- 
vascular clotting ;  but  not  invariably,  as  the  normal  body  has  the  ability  of  destroying  or 
resisting  the  action  of  the  ferment  to  a  very  great  extent. 

"  Vrtict'Uionery  p.  187,  188(}. 
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There  have  thus  been  two  sets  of  previous  researches;  one  which 
deals  with  the  nature  of  the  proteid,  the  other  with  the  presence  of 
fibrin-ferment  in  the  stromata  of  the  red  corpuscles. 

Our  own  work  dealing  with  both  these  questions  has  consisted  U->  a 
very  great  extent  in  confirming  the  results  of  previous  observers ;  and  in 
putting  them  together  to  show  that  the  two  questions  are  in  reality  one. 
Wo  have  found  that  the  proteid,  though  it  resembles  paraglobulin 
(or  seinim-globulin),  is  really  cell-globulin  :  and  the  fibrinoplastic  action 
of  this  proteid  is  in  reality  the  action  of  fibrin-ferment,  with  which 
substance  cell-globulin  is  probably  identical. 

One  further  question  still  remains  to  bo  asked.  It  is  this; — I)o 
the  red  corpuscles  contribute  to  the  formation  of  (ibriu  in  coiigulatioii 
as  it  usually  occurs  in  shed  blood  ?  This  is  a  question  that  cannot  be 
readily  answered.  The  red  corpuscles  of  clotted  blood  are  apparently 
normal  in  appearance,  and  do  not  undergo  disintegititive  changes, 
as  do  the  white  corpuscles  and  blood-tablets.  There  is  therefore 
no  necessity  to  suppose  that  the  red  corpuscles  shed  out  any  fibrin- 
f(Tmont,«at  any  rate,  in  the  earlier  stages  of  the  formation  of  a  blooil  clot.. 
It  is  however  quite  i>os.sil)l(5  that  Mie  fc.nnont  they  <h)iiI^wu  in^iy  nssist  in 
the  formation  of  fibrin  in  later  stages,  and  thus  ])artially  account  for  the 
increase  in  firmness  that  the  clot  undergoes  when  it  is  allowed  to  remain 
untouched  for  some  time.  It  is  also  possible  that  the  existence  of 
fibrin-ferment  in  the  stromata  may  account  for  what  Landois  csills 
"  stroma-fibrin." 

This  question,  among  others,  has  been  taken  up  from  the  stand-point 
of  the  pathologist  and  therapeutist  by  Bonne'.  In  a  pamphlet  full  of 
interesting  suggestions,  the  probable  rOle  of  fibrin-ferment  in  causing 
intravascular  clotting  in  certain  morbid  conditions  of  the  blood  is  pointed 
out.  The  normal  body  has  the  power  of  destroying  or  resisting  the 
action  of  fibrin-ferment  to  a  great  extent ;  but  in  debilitated  conditions 
this  power  is  lessened,  and  the  absorption  of  fluid  exuded  from  wounds 
may  produce  thrombosis.  An  increased  disintegration  of  white  blood 
corpuscles  within  the  vessels  may  produce  a  similar  effect.  If,  however, 
the  quantity  of  ferment  is  small,  the  effect  is  not  thrombosis,  but  a 
febrile  condition.  Lastly,  there  are  certain  forms  of  disease  in  wliich 
the  red  corpuscles  are  destroyed  within  the  vessels ;  the  plasma  of  the 
blood  becomes  stained  with  haemoglobin  (haemoglobinaemia) ;  and  this 
may  pass  through  into  the  urine  (haemoglobinuria  or  methaemf>globin- 

^  Ucbor  das  Fibrinfcimont  niul  ncino  Boziohnngon  znm  OrfvaniRTniiR  Ton  Dr  Q.  Bonne, 
Wilrsbarg  (G.  Hcrtx)  1889. 
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uria).  lu  these  eonditious  there  ore  febrile  attacks  corresponding  to  the 
periods  when  the  corpuscles  arc  destroyed,  and  there  appears  every 
reason  to  believe  that  the  fever  is  due  to  the  presence  of  fibrin-fennent 
in  the  circuhiting  blood  derived  from  the  red  corpuscles.  This  cannot 
however  be  considered  absolutely  certain;  we  arc  not  aware  that 
thrombosis  has  ever  been  described  in  these  cases,  nor  do  any  attempts 
appear  to  have  been  made  as  yet  to  estimate  quantitatively  the  amount 
of  fibrin-ferment  present  in  the  blood  in  this  condition.  The  question 
we  have  investigated  from  the  physiological  2)oint  of  view  is  thus  full 
ol  interest  to  the  pathologist  also. 

Tlio  expenses  mvolvod  in  Uie  foregoing  research  have  been  partially 
defrayed  from  a  gi-ant  made  by  the  British  Association  to  a  committee 
appointed  for  the  ])urpo8e  of  investigating  the  physiology  of  the  lymphatic 
system. 
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{From  i/ie  Physiological  Laboratory  of  St  Tliomas's  HospiUd,  London.) 

In  the  course  of  a  research  by  one  of  us  (B.)  into  the  process  of 
occlusion  of  arteries  after  ligation,  it  seemed  desirable  to  form  an 
independent  opinion  of  the  part  played  by  the  elements  of  the  arterial 
wall  in  the  production  of  the  fibrous  tissue  which  eventually  closes 
the  vascular  channel.  The  following  experiments  were  airriod  out  in 
the  hoiMJ  of  their  furnishing,  to  ourselves  at  least,  some  answer  to  the 
disputed  question  of  the  origin  of  inflammatory  tissue.  Arc  the  ciJor- 
less  corpuscles  of  the  blood,  capable  as  we  know  them  to  be  of  passing 
from  the  vessels  into  the  intervascular  tissue,  also  the  source  of  the 
new  tissue  which  the  inflammatory  process  may  produce  ? 

Cohnheim's  reply  to  this  question  was  an  affirmative,  at  least  as 
positive  as  are  the  discoveries  brilliant  which  it  was  based  upon.  For 
Cohnheim  th6  colorless  corpuscles  which  wandered  from  the  blood 
vessels  in  an  area  of  inflammation  were  not  only  the  source  of  pus 
cells  when  pus  appeared,  but  were  the  formative  cells  for  the  new 
tissue  if  any  new  tissue  were  formed.  From  this  position  in  the 
question  he  never  withdrew.  In  the  edition  of  the  Vorlesungen  only 
two  years  prior  to  his  untimely  death  again  with  renewed  insistance 
he  supported  it.  It  was  from  his  laboratory  that  most  of  the  olwcr- 
vations  emanated  which  bring  evidence  in  favour  of  this  "  leucocytic  " 
view.  They  are  set  forth  in  papers  from  the  Institute  at  Breslau 
by  Senftleben*,  and  by   B.   Heidenhain';   and  by   Senftleben* 

^  The  pieparationa  with  the  drawings  were  shown  in  March  of  tliis  year  at  the  Boyal 
College  of  Surgeons  in  illustration  of  part  of  the  Erasmus  Wilson  Lectures  on  *'  Ligation 
in  Continuity." 

'  Virehow*»  Archiv,  Vol.  Lxxn. 

■  Veher  d.  Verfettung  fremder  K&rper  in  d.  Batichh'dhle,  1872. 

*  VirchowU  Archiv,  Vol.  lxxvii. 


ON  FORMATION   OF  SGAlWnSSUE.  561 

liiul  by  TiUiuaim'  from  the  liistltuto  at  Loipsic.  Among  observers 
wlio  indupcudeutly  of  contact  with  Cohukeim  published  opinions  iu 
harmony  with  his  upon  this  question,  may  bo  named  especially 
Schcdo*,  Aufrccht',  13izzozcro^  and  Zicgler". 

Upon  the  evidence  furnished  by  the  researches  of  Ziegler  Cohn- 
iieim  laid  a  quite  exceptional  stress.  The  conclusions  of  the  then 
Assistant  iu  the  Wurzburg  laboratory  have  had  much  to  do  with  the 
ascendancy  of  Cohnheim's  teaching  on  the  point.  They  have  been 
incorpomted  by  Ziegler  himself  in  the  well-known  Lehrbuch  der  PiUltO' 
logisclx  AiuUomie, 

Ziegler  placed  little  oblong  chambers,  made  by  fastening  at  the 
four  corners  two  cover-glasses  a  slight  distance  apart,  under  the  skin 
of  the  dog,  and  left  them  for  a  certain  length  of  time.  The  cleft 
between  the  glasses  became  filled  with  cells,  which  could  be  examined 
diri».ctly  under  a  microscope,  lie  found  these  cells  to  be  leucocyU^s, 
many  of  which  were  fatty,  and  resembled  the  ordinary  cells  of  pus. 
l>ut  iu  many  experiments  after  a  time  actual  formation  of  tissue  took 
place  in  the  layer  of  cells  between  the  glasses.  Cells  were  found  in  all 
stages  from  the  lymphoid  to  the  epithelioid  and  giant-cell  type.  Certain 
cells  seemed  to  grow  large  at  the  expense  of  their  neighbours  whose 
protoplasm  was  appropriated  by  the  larger  growing  cell  He  judged 
that  his  preparations  proved  that  (he  giant  ciills  of  granulation  tissue 
are  at  least  in  some  cases  produced  from  the  wandering  colorless 
corpuscles  of  the  blood,  and  further  that  the  giant  cells  produce  both 
blood  vessels  aud  connective  tissue.  "So  war  dadurch  der  Nachweis 
geleistet"  "dass  bei  der  Entzunduug  die  ausgewanderten  Zellen  eine 
gewebsbildende  RoUe  spielen." 

Ziegler's  researches  were  taken  as  furnishing  experimental  proof 
that  not  only  do  migmted  white  blood  colls  in  certain  numbers  become 
pus  corpuscles,  but  that  they  also  in  certain  numbers  are  capaUe 
of  further  development,  and  are  the  primary  source  of  cicatricial 
tissue. 

Ziegler's  conclusions  were  in  fact  similar  to  those  of  Cohnheim. 
A  considerable  number  of  writers  have  controverted  them.    Baum- 


'  Virchow*s  Archiv,  Vol.  lxxviii. 
'  Arch,  /.  kliii,  Chir.,  xv. 
'  Virdiow's  Archiv^  Vol.  xliv. 
^  Aniuili  univeni  di  MedicifMf  18G8. 

»  Exper.  UnUrs,  iib,  d,  Uerkmft  d,  TuberkelcUsmcnU,  1876,  and  Unten.  u6.  path. 
Jiifulegeioebs  u,  GeflUtiieuhildunij,  187C. 
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garten',  Bottcher",  Ewetzky*,  Weiss*,  Hamilton*,  all  have  at 
various  times  raised  a  voice  against  it,  denying  to  the  migrated  blood 
cells  any  power  of  further  development  According  to  them  the  forma- 
tion of  scar-tissue  is  in  no  way  directly  due  to  elements  existing  in  the 
blood ;  the  fibrous  tissue  does  not  arise  from  leucocytes.  Quite  notiibly 
have  those  histologists  who  have  studied  the  process  of  occlusion  of 
blood  vessels  assumed  a  sceptic  attitude  amid  the  general  acquiescence 
in  the  Cohnheim-Ziegler  doctrine.  We  will  point  out  the  writings  of 
Thiersch*,  RiedeF,  Auerbach*,  Pick*,  Heuking  and  Thoma" 
and  most  recently  and  very  definitely  Hunter";  as  we  follow  the 
opinions  of  these  observers  chronologically  toward  the  present  time 
more  and  more  pronounced  do  wo  fhid  the  tendency  to  deny  to  leu- 
cocytes an  exclusive  share  in  the  replacing  of  coagulum,  &c.  by  cica- 
tricial tissue. 

From  the  foregoing  it  is  evident  that  a  very  desirable  side  light 
might  be  thrown  on  the  question  upon  which  one  of  us  (EL)  was 
engaged,  by  an  examination  elsewhere  than  in  a  ligatcd  bloml  vessel, 
of  this  capability  of  leucocytes  to  produce  a  fibrous  connective  tissue. 
It  was  determined  to  repeat  the  classical  experiments  of  Zicgler.  We 
may  remark  that  we  began  work  with  an  educational  bias  favourable 
to  Cohnheim's  view. 

Metluyds  employed. 

Two  circular  cover-glasses,  each  J  of  an  in.  in  diameter  and  OOG  of 
an  in.  in  thickness,  were  fastened  together  so  as  to  form  a  little  flat 
glass  chamber,  in  the  manner  employed  by  Ziegler.  A  strip  of  tin- 
foil placed  between  them  at  their  edge  along  \\  of  their  circumference 
was  cemented  by  shellac  on  each  face  to  the  corresponding  surface 
of   the  cover-glaas.     The   tiny  chamber  thus  formed  had   therefore 

^  DU  sogenannt,  Ortfanit,  det  Throiubtis^  Leipzig,  1877. 
'  Ziegler'8  Ueitriige  zitr  patJioloyiitchen  AitaL  ii.  2. 
'  Untert.  au$  der  path,  Itutit,  zu  ZUrich,  xii. 

*  Archivf,  klinitche  Chirvrgie,  Bd.  zxin,  1879. 

*  Spongegrafting.    Edin,  Med,  Jowm,,  1881. 
«  Pitha  u.  BiUroth.  Bd.  i.  Abth.  2,  §  549. 

'  Zeit$ehr,f,  Chimrg,,  Bd.  vi.  1876. 

8  Ueber  die  Obliteration  der  Arterien  nach  Ligatur,  1877 

»  ZeiUclar.f,  Ileilkunde,  Bd.  vi.  1880. 

^»  Virc1iow*s  Archiv,  Vol.  cix.  1887. 

"  Qold  Modal  Thesis  for  M.D.  Edin.  UDpublished. 
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bctwcori  the  two  ends  of  the  strip  of  tin-foil  an  opening  into  the 
interior.  Tlie  tin-foil  first  employed  was  -^j  mra.  thick ;  that  thickness 
was  inconvenient,  fis  the  depth  of  tlic  chamber  was  then  too  groat  for 
higher  powoi-s  of  the  microscope  to  explore.  Tin-foil  y\j  mm.  in  thicknoHS 
was  subsequently  employed.  With  this  thickness  membranes  were 
obtained  between  the  cover-glasses  that  made  very  satisfactory  micro- 
scopical specimens.    Fig.  18,  Plate  XXXIII. 

These  chambers  for  eight  and  forty  hours  before  use  were  emptied 
of  air  and  iillod  with  distilled  water  previously  sterilized,  or  with 
nutrient  broth  containing  i)eptone  according  io  the  reci|>e  of  Koch. 
Both  the  chamber  and  the  fluid  in  which  it  was  kept  were  again 
sterilized  by  heat  an  hour  or  so  before  being  used  for  experiment.  In  a 
few  instances  the  air  was  not  entirely  expelled. 

The  animals  employed  by  us  have  been  in  all  cases  rabbits  or 
guinea-j)igs.  During  every  experiment  the  animal  has  been  deeply 
under  the  influence  of  an  anaesthetic.  Antiseptic  precautions  were 
vigorously  maintained  throughout  all  the  operations.  No  suppuration 
ever  occurred.  Had  it  done  so  in  any  experiment  we  should  have 
excluded  the  results  of  that  experiment.  In  our  earlier  experiments 
the  chambers  were  placed  in  the  peritoneal  cavity ;  in  the  later  into  the 
subcutaneous  connective  tissue  of  the  flank. 

The  chambers  were  allowed  to  remain  within  the  animals  for  various 
periods,  from  four  houi*s  at  shortest  to  18  days  at  longest.  When  the 
chamber  was  removed  its  contents  were  examined  either  fresh  upon 
a  warm  stage  under  the  microscope,  or  after  appropriate  treatment 
with  hardening  and  staining  reagents.  The  outsides  of  the  chambers 
were  often  covered  with  thin  films  of  young  fibrous  tissue— these 
films  were  examined  by  the  same  methods  as  were  the  contents. 
The  reagent  chiefly  employed  was  osmic  acid,  either  in  freshly  made 
•57o  watery  solution,  or  in  vapour  from  a  T'/o  solution.  In  the  former 
case  the  chamber  taken  warm  from  the  body  was  at  once  plunged  into 
the  osmic  acid  solution  or  was  rapidly  split  open,  and  with  the  contents 
so  exposed,  placed  in  osmic  acid.  In  the  solution  of  osmic  acid  they 
remained  for  an  hour,  in  the  dark.  Where  osmium  vapours  were  used 
the  same  plan  was  adopted,  except  that  the  chamber  was  always  opened 
unless  bubbles  of  air  happened  to  have  got  ingress  previously,  as  some- 
times happened.  Exposure  to  the  vapour  was  ensured  by  placing  the 
specimen  between  two  watch-glasses,  at  the  bottom  of  which  was  osmic 
acid  solution,  or  by  suspending  from  the  cork  of  a  bottle  containing  the 
solution.     The  action  of  the  osmic  acid  was  allowed  about  two  hours' 
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play,  always  in  the  dark.  The  preparations  with  osmic  acid  were, 
after  washing  in  water,  mounted  either  in  Farrant's  gnm  solution,  or 
after  dehydration,  in  xylol-balsam.  They  were  in  some  instances  after- 
stained,  with  picrocarmine,  with  fuchsin,  methylene  blue,  eosin,  or  most 
frequently  with  haematoxylin  (Ehrlich's  solution).  Other  preparations 
were  made  without  the  use  of  osmic  «acid.  In  these  after  hartloning 
in  chromic  acid,  or  in  alcohol,  or  Fleming's  solution,  picrocarmine, 
methylene  blue,  eosin,  fuchsin,  haematoxylin,  etc.  were  used. 

For  the  observations  on  living  specimens  a  warm  stage  of  Strieker's 
pattern  was  used. 

Contents  of  tlid  Glutvibci'S, 

One  of  the  first  steps  which  we  took  was  to  examine  the  serous 
moisture  of  the  abdominal  cavity  of  the  rabbit  and  guinea-pig,  and  of  sub- 
cutaneous wounds  and  the  blood  in  order  to  ascertain  the  characters  of 
the  cellular  elements  contained  therein.  The  examination  was  conducted 
by  the  cover-glass  method  first  recommended  by  Koch  and  Loffler. 
Kosin,  fuchsin,  saffranin  and  methylene  blue  were  used  as  stains. 
Some  preparations  were  nuulc  by  exposing  the  moist  (ilm  on  the 
cover-glass  to  vapours  of  osmic  acid  solution. 

The  examination  revealed  the  presence  in  the  serous  moisture  and 
in  the  tissue  plasma  of  at  least  two  kinds  of  cells.  The  one  kind  re- 
sembled in  all  respects  the  leucocyte,  the  colorless  cell  of  the  blood. 
This  kind  was  in  fact  indistinguishable  from  the  leucocyte. 

A  second  kind  of  cell  was  also  present  and  sufficiently  numerous. 
This  cell,  which  is  much  larger  in  size  than  is  the  former  kind,  when 
fixed  by  osmic  acid  vapour,  often  presents  a  discoid  figure,  some  30/a 
to  Mfi  across ;  not  infrequently  however,  and  more  frequently  than  not 
when  fixed  by  plunging  into  osmic  acid  solution,  or  by  drying,  as  in  the 
Koch-Loff  ler  method,  the  cell  outline  is  irregular,  often  angular,  with 
especial  prominence  of  one  angle  or  of  two ;  in  the  hwt  case  the  cell 
might  be  described  as  fusiform.  Whatever  the  shape  of  the  body  of  the 
cell  may  be,  there  always  lies  within  it,  generally  towards  the  centre,  a 
large  oval  vesicular  nucleus,  itself  somewhat  larger  than  the  red  cor- 
puscle of  the  blood.  It  does  not  stain  so  darkly  as  does  the  nucleus  of 
a  leucocyte.  The  substance  of  the  flattened  plate-like  cell-body  is 
markedly  granular,  particularly  so  when  prepared  by  the  rapidly  dxying 
method.  The  protoplasm  reduced  to  a  flattened  flake  as  it  generally  is, 
may  be  of  such  tenuity  near  the  margin  that  in  the  fresh  condition  and 
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iu  niuDy  osinic  acid  preparations  tho  outline  of  the  cell  is  somewhat 
difficult  to  distinguish.  The  detoriuination  of  the  limits  of  the  cell  is 
however  rendered  easier  by  the  fact  that  the  cell  substance  is  very 
granular,  the  gi*anules  Uiking  a  sepia  tint  with  osmic  acid,  and  being 
readily  stained  by  fuchsin  and  other  aniline  colours.  A  marked  charac- 
teristic of  these  cells  is  their  tendency  to  occur  in  masses  and  clumps.  In 
the  masses  the  outlines  of  the  individuals  arc  often  hard  to  recognise. 
In  specimens  examined  fresh  upon  the  warm  stage  the  granules  are 
many  of  them  brilliant  and  highly  refracting,  though  not  to  such  an 
extent  .'is  are  falty  particles.  Granules  of  various  size  exist  in  one  and 
the  same  cell. 

Fouu  Houiis. — The  shortest  sojourn  wo  allowed  the  chambers  was 
four  hours  in  the  subcutaneous  tissue.  The  chambers  were  found  to 
contain  fluid  with  a  few  blood  corpuscles,  not  collected  into  rouleaux,  and 
unaltered  in  appear£knce.  No  fibrin  hail  appeared.  In  short,  mixed 
with  the  bouillon  was  simply  a  trace  of  blood,  as  yet  unclotted. 

Within  the  chamber  in  the  neighbourhood  of  its  opening  were 
however  a  large  number  of  leucocytes,  unmixed  with  red  blood 
corpuscles  or  indeed  with  any  other  kind  of  coll.  None  of  these 
wandering  cells  had  apparently  penetrated  far  into  the  recess  of  the 
chamber,  because  there  appeared  an  obvious  gap  between  the  position 
of  their  pioneers  and  the  diluted  blood  elements  occupying  the  chamber 
elsewhere. 

Nine  and  a  Half  Houiis. — Nine  and  a  half  hours  after  insertion 
into  the  abdominal  cavity,  the  diluted  blood  was  also  found  unclotted — 
although  in  this  instance  the  chamber  had  been  filled  not  with  bouillon 
but  with  water  sterilized.  The  trace  of  blood  which  almost  unavoidably 
found  its  way  into  the  chambers  at  the  time  of  their  insertion  had 
remained  unclotted  in  all  specimens  examined  earlier  than  fifteen  hours. 
The  bouillon  containing  peptone,  seemed,  Jis  indeed  one  might  have 
expected,  to  retard  the  clotting  of  the  blood  that  entered  the  chamber. 
In  chambers  filled  with  nutrient  peptone-bouillon  no  clot  was  ever 
found  earlier  than  twenty  hours  after  the  original  implantation.  On 
the  other  hand  we  found  a  veiy  considerable  formation  of  fibrin  in  a 
chamber  that  had  been  filled  with  sterilized  water  and  then  allowal  a 
sojouni  of  eighteen  hours  in  the  subcutaneous  tissue.  The  nutrient 
bouillon  contained  commercial  peptones,  and  we  think  tho  peptones 
may  not  so  rapidly  diffuse  but  that  this  retardation  of  the  clotting 
may  be  explained  by  their  presence. 

In  the  early  specimens  of  fibrin  production  iu  the  tissue  plasma 
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which  filled  the  chambers  we  had  abundant  examples  of  the  formation 
of  fibrin  filaments  as  fine  straight  or  very  slightly  curved  lines,  irregu- 
larly radiating  from  granular  nodal  masses.  The  nodal  granular  debris, 
under  various  reagents,  appeared  to  consist,  as  the  generally  accepted 
view  affirms,  of  altered  blood-platelets,  and  leucocytes  undergoing 
alteration. 

About  the  nodal  points  of  the  network  of  fibrin  the  leucocytes  were 
grouped.  Both  on  the  warm  stage  and  after  fixation  by  osmic  acid 
these  leucocytes  displayed  only  rarely  any  deviation  from  the  spheroid 
form.  There  were  indeed  some  instances  in  which  they  presented  a 
fusiform  outline,  or  possessed  a  tiny  process  jutting  from  the  cell  body. 
Such  examples  were  extremely  sparse,  and  occurred  only  in  the  neigh- 
bourhood of  the  opening  of  the  chamber,  and  in  certain  situations  to  be 
specified  immediately.  For  the  most  part  the  cells  seemed  in  an  inert 
condition,  as  far  as  one  can  judge  of  their  activity  from  their  form.  In 
the  short  time  between  extraction  of  the  chamber  from  the  body  and 
the  fixation  in  osmic  acid  or  the  observation  of  the  cell  upon  a  warm 
stage  under  the  microscope,  their  vitality  had  suffered  sufficiently  for 
the  cell  to  have  assumed  its  zero  of  shape,  the  subspheroid  figure.  Or 
for  some  reason  existence  within  the  Ziegler's  chamber  was  not  con- 
ducive to  activity  of  the  protoplasm,  yet  from  what  we  shall  relate  there 
is  no  good  reason  for  thinking  that  the  leucocytes  within  the  chamber 
are  in  a  very  different  state  from  those  invading  the  inflamed  tissue 
without.  The  latter  supposition  is  favoured  by  the  fact  that  the  larger 
cells,  plasma-cells  as  we  shall  term  them,  also  fouud  in  the  chambers 
under  similar  circumstances,  although  subjected  to  the  same  ioclmiquc 
of  preparation  as  these  leucocytes,  showed  well-nmrkod  amoeboid  move- 
ments. 

Indeed  if  the  latter  of  the  two  suppositions  just  suggested  be  not 
accepted,  it  becomes  necessary  to  assume  that  of  these  two  kinds  of  cell 
the  leucocyte  is  much  the  more  perishable  and  delicate,  and  was 
practically  annihilated  by  a  simple  procedure  that  did  not  appear  to 
interfere  with  the  vitality  of  its  co-occupant  the  plasma-cell. 

Here  must  be  mentioned  another  sign  of  degeneration  in  the 
leucocytes  examined  in  those  chambers'.  Many  of  them  showed  the 
triple  and  multiple  nuclear  bodies  that  are  universally  regarded  as 
evidence  of  the  lethal  disintegration  of  the  nucleus — as  Fleming  names 
it,  the  ''  fragmentation "  of  the  nucleus.     On  the  other  hand  the  cell- 
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body  of  the  leucocyte  was  not  granular  or  fatty,  but  fairly  evenly 
though  deeply  tinted  by  the  osmium.  These  points  are  seen  in  Fig.  1, 
Plate  XXXI. 

KiaiiTKEN  Hours. — In  chambers  removed  after  the  appearance  of 
fibrin  witlihi  them,  but  before  the  sUxy  within  the  body  had  exceeded 
eight  and  forty  hours,  it  was  usual  to  find  a  number  of  areas  in  which 
leucocytes  were  present  in  much  greater  numbers  than  elsewhere. 
Fig.  2,  PI.  XXXI. 

The  tendency  to  collect  to  certain  points  which  the  leucocytes 
evinced  in  even  very  early  s|)ecimens  was  more  marked  in  these  later 
preparations.  About  the  nodal  points  of  the  fibrinous  network  crowds 
of  them  were  present.  The  outlying  individuals  were  frequently 
arranged  in  lines  along  the  converging  filaments  of  fibrin.  The  older 
within  certain  limits  these  films  of  coagulum  the  more  obvious  the 
aggregation  of  the  leucocytes  into  certain  groups.  For  convenience  on 
account  of  their  prominence  and  apparent  importance  in  subsequent 
stages  we  have  been  ixccustomed  to  refer  to  these  groups  shortly  as  the 
cell-islets.  Cf.  Fig.  3,  PI.  XXXI.  They  are  little  collections  of  cells, 
occurring  constantly,  iscattered  about  in  the  thin  cellular  membranes 
which  grow  over  and  within  the  glass  chambers.  Some  are  obvious  to 
the  naked  eye,  especially  when  the  film  has  been  treated  with  carmine 
or  with  ha(^niatox3din,  which  show  them  as  deeply  colored  points.  They 
vary  in  size  from  a  small  pin's  liead  downward.  The  larger  islets  are 
often  compounded  of  smaller  ones.  The  smallest  display  best  what  we 
believe  to  be  the  structure  originally  characteristic  of  all: — a  centre 
of  amorphous  albuminous  debris  surrounded  by  leucocytes;  loss  fre- 
quently one  or  two  altered  red  blood  corpuscles  form  the  centre. 

It  was  in  specimens  of  this  date  that  the  first  evidence  of  the 
proaonce  of  another  celhdar  clement  than  the  leucocytes  and  red  cells  of 
the  blood  wjis  found  Cells  similar  to  the  large  flattened  plate-like 
forms  of  the  peritoneal  moisture,  already  adverted  to,  began  to  be  found 
in  the  chamber.  The  time  of  their  advent  varied  within  narrow  limits 
when  the  chamber  rested  in  the  subcutaneous  tissue;  when  in  the 
peritoneal  cavity  there  was  much  greater  variation  in  respect  to  time. 
This  we  believe  was  due  to  the  chamber  not  coming  to  rest  iu  one 
particular  spot  for  some  time  after  introduction  into  the  abdomen. 
The  movements  of  the  viscera  seemed  able  to  shift  it  and  prevent  its 
forming  adhesions.  When  put  into  the  abdomen  we  always  placed 
it  about  an  inch  to  right  or  left  of  the  little  wound  in  the  linea 
alba  through  which  it  was  inserted.     But  we  never  found  it  anywhere 
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near  that  situation  after  a  sojourn  of  more  than  a  few  hours.  In  the 
course  of  four  and  twenty  hours  the  chamber  had  nearly  always  passed 
toward  or  actually  into  the  position  which  it  almost  constantly  came 
permanently  to  take,  that  is,  a  little  distance  from  the  median  line 
in  front  of  the  psoas  muscle  at  the  very  root  of  the  mesentery.  Once 
there  it  appeared  in  a  few  hours  to  contract  adhesions,  and  become 
fixed  in  a  permanent  fashion.  Until  bound  down  by  adhesions,  the 
full  complement  of  cells  did  not  reach  the  interior  of  the  chamber. 

In  one  instance,  in  a  chamber  exposed  for  eighteen  hours  in  the 
subcutaneous  tissue,  plasma-cells  were  found  in  considerable  numbers 
near  the  opening.  They  were  indistinguishable  in  appearance  from 
the  phisma-colls  of  tlio  normal  suhcutAucous  tissue,  except  that  a 
greater  variety  of  individual  form  was  to  be  seen  in  them.  In  later 
specimens  the  plasma-cells  were  found  scattered  throughout  the  whole 
chamber,  although  most  numerous  near  the  opening. 

Seventy-two  Hours. — In  a  preparation  from  a  chamber  which 
had  been  seventy-two  hours  in  the  snlwutjiiieous  tissue,  plasma-crlls 
entered  into  the  formation  of  the  islets  even  in  the  portions  furthest 
rcniove<l  from  the  opening.  At  the  opening  liowevcT  no  other  kinti 
of  cell  was  mixed  with  them,  which  was  not  tlie  case  elsewhere.  No 
forms  intermediate  between  the  leucocyte  and  the  plasma-cell  were 
to  be  found ;  they  were  repeatedly  expected  and  repeatedly  looked  for, 
but  the  search  was  unsuccessful. 

The  preparations  gave  an  almost  bewildering  number  of  examples 
of  the  infinite  variation  in  shape  of  the  large  amoeboid  plasma-cells, 
which  also  varied  very  considembly  in  size,  and  as  to  granules.  The 
l)ody  of  the  cell  was  for  the  most  part  plate-like,  being  in  many 
instances  extended  into  so  thin  a  film  that  its  exact  limit  was  hard 
to  determine,  especially  when,  as  occasionally  happened,  the  granules 
of  the  cell-body  were  less  pronounced  towards  the  periphery.  Some 
idea  of  the  wide  diversity  of  outline  exhibited  by  individual  cells  may 
be  gathered  from  our  figures.  Cf.  Figs.  1, 4, 5,  6,  7  and  8,  Plates  XXXI. 
and  XXXII. 

It  must  not  be  thought,  however,  that  in  any  of  its  forms  the 
plasma-cell  could  not  be  distinguished  with  certainty  from  the  leuco- 
cyte. In  the  same  way  as  in  the  peritoneal  moisture  and  in  the 
pln^sma  of  Hul>cntaucous  tis.su(^,  the  former  is  here  niso  on  \\w.  warm 
stage  and  in  osmic  preparations,  characterised  by  larger  size,  coarser 
granules,  the  constant  presence  of  a  single  clear  nucleus  of  oval  figure, 
and  by   the  differences    in   staining   qualities   and   mobility   already 
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referred  to.     We  may  here  add  that  these  differential  characters  may 
bo  ob8curc<l  by  faulty  methods  of  examination. 

In  the  spccinions  obtained  from  chambers  that  had  rested  for 
seventy-two  hours  in  the  subcutaneous  tissue  of  the  guinea-pig, 
we  found  individuals  among  the  plasma-cells,  which  showed  well- 
marked  vacuolation,  Figs.  1,  4,  5,  PI.  XXXI.  For  the  most  part  the 
matter  within  the  vacuole  was  a  granular  ddbris  that  furnished  no 
sufficient  clue  as  to  its  nature.  But  in  a  few  it  was  indisputable 
that  the  vacuole  contained,  more  or  loss  altered  but  still  perfectly 
easily  recognisable,  a  leucocyte  or  red  blood  corpuscle.  In  Fig.  4  is 
shown  the  appearance  presented  by  one  of  these  cells.  A  large 
vacuole  contains  a  somewhat  faintly  stained  body,  which  is  finely 
granular  and  indistinctly  nucleated.  It  is  a  little  smaller  than  is 
the  nucleus  of  the  plasma-cell  itself.  Fine  threads  seemed  to  pass 
from  tlie  sides  of  the  vacuole  across  the  cavity  to  the  substance  of  the 
included  leucocyte.  Taken  with  the  context  afforded  by  examination 
of  otiier  cells  in  the  neighbourhood  we  believe  that  this  and  other 
similar  instances  were  examples  of  leucocytes  lying  in  vacuoles  in  the 
plasma-cells.  Many  stages  of  ingestion  could  be  found.  Cf.  Figs.  1, 
4,  5,  PI.  XXXI.  Simple  approximation,  the  hollowing  out  of  a  little 
bay  in  the  side  of  the  plasma-cell  into  which  the  leucocyte  was  as  it 
were  drawn,  partic^l  inclusion,  total  inclusion — all  these  were  exem- 
pliiiod.  And  further  there  were  many  v;vcuole8  in  which  mere  gmnular 
debris  lay.  This  debris  was,  we  think,  probably  the  still  undigested 
remnant  of  the  ingested  leucocyte  or  red  blood  cell.  We  doubt  whether 
without  very  special  apparatus  the  cells  of  the  tissues  of  mammalia 
can  be  kept  in  sufficiently  normal  condition  for  sufficient  length  of 
time  to  compass  observations  on  ingestion  by  living  cells;  we  were 
however  much  Jissistcd  in  the  interpretation  of  the  appearances  of  the 
osmic  lixed  preparations  by  the  processes  described  by  Miss  M.  Green- 
wood for  the  llhizopoda.  Her  observations*  were  conducted  on  living 
specimens  of  Amoeba  proteus  and  Actinosphaerium,  and  she  was  able  to 
follow  in  these  animals  under  the  microscope  all  the  visible  phenomena 
accompanying  the  ingestion  of  prey.  In  our  preparations  we  had  as  it 
were  a  number  of  amoebae,  many  of  which  had  been  actively  engaged 
in  ingesting  living  prey,  immediately  before  the  reagent  had  been  used 
that  killed  them  so  rapidly  as  to  allow  no  time  for  any  great  departure 
from  their  previous  aspect 
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Nor  were    leucocytes    the   only   bodies   to   be   found   within  the 
substance  of  the  plasma-cell.     "Red  corpuscles  of  blood   were  recog- 
nisable in  them.     Very  frequently  along  the  border  of  the  space  in  the 
chamber,  the  plasma-cells  lying  in  great  numbers  near  the  cement  (shellac 
ghie)  which  fixed  the  strip  of  tin-foil  to  the  ghiss,  wore  fillc<l  with  tiny 
droplets  of  oil  that  became  deep  black  under  the  treatment  with  osinic 
acid.     Sometimes  the  entire  cell   was  dotted,  except  just  round  the 
nucleus,  with  fine  fatty  particles  of  a  fairly  equal  size :   sometimes  the 
oil  was  collected  into  a  few  much  larger  globules.     The  cement  itself 
turned  deep  black  under  osmic  acid  treatment.     There  was  little  room 
for  doubt  that  the  black  particles  in  the  plasma-cells  were  derivc<l  from 
the  cement  near  the  cells;  whether  the  cells  took   up  thti  pjirticlfs 
without  altering  them,  or  whether  the  {larticles  were  in  any  degree  a 
food  for  the  cells  are  points  we  can  give  no  answer  to. 

Contiguous  plasma-cells  or  even  those  a  little  distance  apart  were 
often  connected  together  by  their  processes  (Figs.  1,  5,  7  and  8, 
Plates  XXXI.  and  XXXII.).  The  bands  of  connection  might  be  short 
thick  arms  or  long  gossamer  threads  of  protoplasm.  By  similar  arms 
and  threads  the  cells  seemed  to  adhere  to  the  most  diverse  objects  in 
their  suiTOunding.  The  surface  of  the  cover-glass,  a  (i lament  of  fibrin, 
a  hair,  a  fibre  of  cotton,  a  lump  of  the  cement  fastening  the  sides  of  the 
chamber  together,  all  afforded  points  to  which  the  processes  from  the 
plasma-cells  would  cling  (Figs.  14  and  15). 

There  were  present  also  in  chambers  of  eighteen  hours',  twenty- 
two  hours',  twenty-six  hours',  forty-eight  hours',  and  seventy-two  hours* 
standing,  as  also  in  others  of  older  dat,<3  containing  well  formed  granu- 
lation tissue,  many  giant  cells  (Fig.  0) — huge  multi-nucleate  cells,  that 
obviously  in  many  instances  were  cell-fusions.  Congregations  of  large 
plasma-cells  as  before  mentioned  were  frequently  met  with.  They 
adhered  one  to  another  in  groups.  And  here  many  collections  of  them 
existed  intermediate  in  character  between  those  groups  in  which  the 
individual  cells  were  agminated  but  easily  distinguishable  from  one 
another,  and  giant  cell  masses  in  which  the  nuclei  were  the  only 
guides  to  the  individual  position  of  the  coherent  members.  Some 
appeared  to  be  cell-fusions ;  many  did  not.  In  these  latter  the  nuclei 
were  gathered  together  into  an  irregular  heap.  The  ring-like  arrange- 
ment of  the  nuclei  frequently  found  in  the  giant  cells  of  tubercle  was 
never  observed  in  these  membranes  by  us. 

Of  nuclei  in  these  giant  cells  there  existed  apparently  two  kinds. 
One  was  large,  clear,  and  oval,  having  all  the  ehanicters  of  the  nucleus 
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of  the  separate  plasma-cell;  it  was  invariably  pro>sent  in  all  the  giant 
cells.  The  other  sort  was  smaller,  round,  more  darkly  tinted  by  osmium 
treatment,  and  was  not  invariably  present,  that  is,  did  not  exist  in  every 
giant  cell,  but  was  in  some  cells  even  more  numerous  than  the  larger 
oval  variety.  We  doubt  very  much  the  accuracy  of  describing  the 
latter  smaller  bodies  as  true  nuclei.  We  incline  to  believe,  from 
their  great  similarity  to  some  of  the  leucocytes  observed  in  the  plasma- 
cells,  that  they  are  nothing  but  leucocytes  surrounded  by  the  substance 
of  the  giant  cell  and  somewhat  altered  in  appearance.  Against  this 
supposition  is  the  fact  that  there  was  often  no  indication  of  a  vacuole- 
space  around  the  ingested  cell,  but  in  support  of  it  the  substance  of 
the  plasma-cell  was  seen  sometimes  very  closely  applied  to  the  ingested 
leucocyte  in  instances  in  which  there  was  very  little  doubt  as  to  the 
nature  of  the  included  body.  In  osmic  preparations  there  is  generally 
a  light  spwo  free  from  granules  immediately  around  the  oval  nnr.lens 
of  the  plasma-cell  that  simulates  somewhat  closely  the  appearance  of 
a  vacuole  about  the  nucleus  itself. 

Advancing  further  into  the  chamber,  in  the  specimens  of  more  than 
forty-eight  hours'  duration,  the  plasma-cells  begin  to  apply  themselves 
to  the  islet-groups  of  leucocytes.  C£  Figs.  8  and  10.  They  surround 
the  leucocytes.  The  islets  come  to  consist  of  a  central  portion  made 
up  of  leucocytes,  and  an  outer  zone  of  large  and  granular  plasma-col Ip. 
In  this  way  the  islets  seem  to  increase  ra^ndly  in  size.  Neighbouring 
islets  appear  to  become  merged  together.  Qiant  cells  are  frequent  in 
them,  eHpeci<ally,  it  would  appear,  near,  although  not  actually  at,  the 
centre.  Most  of  the  growth  that  went  on  in  the  membrane  appeared 
to  consist  in  enlargement  of  individual  islets,  and  the  fusion  of  neigh- 
bouring islets.  The  islets  appeared  to  be  the  chief  growing  points  of 
the  tissue.  But  it  is  true  that  gradually  a  more  or  less  continuous 
shc(it  of  plasma-cells  is  formed  over  tlie  intervening  spivce  between  the 
islets.  When  very  thin  the  inflammatory  membmne  consisted  of  a 
layer  of  scattered  cells  lying  separated  by  considerable  but  fairly  regular 
distances  one  from  another.  Each  individual  cell  was  of  a  discoid  or 
fusiform  figure,  and  granular,  with  a  large  clear  nucleus.  The  edge 
of  the  disc  was  thin  and  often  deeply  scalloped;  it  merged,  under  all 
methods  of  staining  used  by  us,  at  certain  points  quite  imperceptibly, 
in  a  tentiotis  film  which  composed  the  bulk  of  the  membrane  projxjr. 
When  fixed  with  osmic  acid  and  after-stained  with  haematoxylin 
(Ehrlich  s),  this  membrane  is  shown  to  contain,  if  not  to  be  entirely 
made  up  of,  a  feltwork  of  filaments,  like  filaments  of  fibrin.     These 
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cross  in  every  direction  in  the  plane  of  the  membrane,  without 
prominent  arrangement  in  any  one  particular  sense.  The  individual 
filaments  vary  a  good  deal  in  size.     Fig.  16,  PI.  XXXIII. 

It  was  among  the  plasma-cells  of  the  fringe  of  the  islets  that  wc 
noticed  the  earliest  regularly  fusiform  cells,  the  immediate  precursors  of 
fibrous  elements  in  the  new  tissue.  It  is  true  that  plasma-cells  of  an 
irregular  spindle-shape  were  observable  not  rarely  among  even  the 
earliest  of  the  plcusma-cell  swarm  entering  the  chamber.  But  in  those 
instances  the  outline  was  probably  but  one  of  many  which  the  amoeboid 
cell  successively  assumed,  and  generally  it  was  not  of  the  same  character 
as  the  regularly  fusiform  type  prevailing  among  these  plasma-cells  in 
Ui(i  outskirts  of  an  i.slct.  Tn  that  latter  the  UKijority  of  the  colls  lay 
in  lines  concentrically  set  about  a  core  of  ill-staine<I,  broken-down  matter 
that  composed  the  centre  of  the  mass.  Cf.  Fig.  11,  PL  XXXII.  The 
fusiform  fibroblasts  began  in  fact  the  encapsulation  of  the  dibris  of  the 
breaking-down  blood  cells,  &c.  The  lengthening  out  and  assuming  of 
a  regular  spindle  form  took  place  also  very  early  in  those  cells  that 
hatl  become  attached  to  hairs  and  cotton-fibres,  and  lumps  of  the 
shellac  glue.  They  were  soon  found  adhering  there  in  rows  of  regular 
disposition,  the  rows  consistiug  entirely  of  typical  young  fusiform 
fibroblasts. 


Later  than  seventy-two  hours. 

Older  specimens  revealed  further  progrcas  in  the  formation  of  a 
fibrous-tissue  membrane.  After  a  stay  of  eight  days,  or  ten  days,  or 
fourteen  days  in  the  subcutaneous  tissue  in  many  instances  the  islets 
consisted  of  plasma-cells  alone.  The  leucocytes  had  disappeared.  Tiie 
pigmented  remnants  of  the  red  blood  corpuscles  were  much  longer 
traceable.  In  many  places  along  certain  lines  the  spindle-shaped  cells 
had  become  attenuated,  and  formed  distinct  bands  and  often  long  and 
delicate  cords  (Figs.  12,  13).  In  many  places  in  the  t^Mith  day 
specimens,  and  in  some  of  the  eighth  day  ones  an  inter-cellular  substance 
showing  fibrillation  exists  (Fig.  12).  This  extra-cellular  matter  is  well 
seen  where,  as  occasionally  happens,  a  single  chain  of  fusiform  fibro- 
blasts, set  in  end-wise  series,  has  produced  a  thread-like  tiny  cord 
Each  fibroblast  appears  to  lie  in  a  sheath  of  fibrillated  matter.  The 
delicate  lines  marking  the  fibiillae  run  parallel  to  the  contour  of  the 
cell.  The  fibrillated  matter  was  not  tinted  by  osmic  acid  or  by  any  of 
the  stains  employed  by  us  to  the  same  depth  as  the  granular  substance 
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of  the  coll  itself.  The  granules  of  the  cell-body,  the  clear  oval  nucleus, 
were  still  m«arkcd  characters  of  the  plasma-cell,  although  it  might  be 
considered  at  this  stage  to  have  become  a  fixed  corpuscle  of  connective 
tissue. 

We  were  unable  to  satisfy  ourselves  on  the  question  as  to  whether 
the  fibrillated  extra-cellular  matter  had  been  formed  by  direct  trans- 
formation from  the  surface  portion  of  the  cell-body,  or  whether  it 
had  arisen  as  a  secretion  from  the  protoplasm  of  the  cell  But  the 
l.'v(.(.or  view  appfS'irs  to  iis  the  most  probable,  if  only  for  the  reason  that 
the  fibrobli^st-cell  and  its  now  ciipsule  of  fibrillated  matter  are  when 
taken  together  much  larger  than,  so  far  as  we  have  observed,  the 
individual  naked  fibroblast  ever  is. 

From  the  islets  the  bands  of  spindle  cells  spread  away  in  various 
flirections.  The  determination  of  the  direction  of  the  earliest-formed 
chains  of  spindle  cells  seemed  to  us  greatly  due  to  the  lines  taken  by  the 
filaments  of  the  original  fibrin-network ;  the  radiation  from  the  same 
uodal  points,  the  interlacing  not  always  at  acute  angles  but  frequently 
in  rectangular  fashion. 

In  membranes  of  ten,  fourteen,  and  even  eighteen  days'  growth,  not 
all  the  cells  nor  even  the  majority  were  spindle-shaped.  A  vast 
number  were  triradiate,  and  multiradiate ;  some  had  but  one  process ; 
very  f(>w  won*  rounded.  Many  i*cealled  to  mind  the  branched  fixixl 
corpuscles  of  the  cornea.  Long  tapering  branches  united  coll  to  cell, 
not  only  the  cells  of  one  plane  one  with  another,  but  the  cells  of 
different  planes  also  (Figs.  8,  9  and  17).  A  mesh  work  of  infinite 
variety  and  complexity  was  thus  established.  But  in  all  these  examples 
of  plasma  cells  in  the  stable  as  well  as  in  the  previously  described  labile 
forms,  the  granular  nature  of  the  cell  substance  and  the  clear  oval 
nucleus  were  characters  never  lost. 

In  the  same  manner  as  did  the  more  delicate  strands  of  fibrous 
tissue,  larger,  broader  sheets  and  beams  arose.  In  all  the  spindle  cells 
side  to  side  as  well  as  end  to  end  are  separated  by  intervening  matter 
fibrillated  in  a  direction  parallel  to  the  longer  axes  of  the  cells. 

It  may  have  been  noticed  that  no  mention  has  been  made  of  any 
developing  blood  vessels  in  the  membranes  examined.  It  is  a  striking 
fact  that  in  none  of  the  preparations,  not  even  in  the  preparations  of 
cight.cen  days*  growth,  taken  from  the  peritoneal  cavity,  did  we  find  in 
any  instance  any  trace  of  a  formation  of  blood  vessels.  Nowhere  were 
capillaries  to  be  found ;  although  the  chambers  were  bound  by  adhesions 
and  in  the  later  specimens  encapsuled  in  cicatricial  tissue.     This  obser- 
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vation  seems  to  furnish  a  negative  to  the  view  advanced  by  Creighton 
that  the  giant  cells  of  granulation-tissue  are  exclusively  vaso-factivc. 
Here  we  had  giant  cells  in  abundance,  but  never  any  capillary  forma- 
tion. Perhaps  the  film  of  tissue  in  the  chamber  was  thin  enough 
to  allow  sufficient  nutriment  to  reach  the  cells  by  fluid  soakage  only. 


Abstract  of  some  of  the  Notes  of  the  Experiments. 

The  number  of  hours  mentioned  corresponds  to  the  time  during 
which  the  chambers  rested  in  the  bodies  of  the  animals. 

1.  4  lumrs.     Subcutaneous.     No  fibrin.     No  rouleaux  of  red  cells.     A 

large  number  of  leucocytes  in  the  neighbourhood  of  the  mouth  of 
the  chamber. 

2.  18  hours,     Subcutaneoua 

High  power.  Fibrin  network  very  extensive.  Crowds  of  leucocytes 
at  the  nodal  points  of  fibrin.  Colls  cii-cular  in  outline,  nncl(»i 
crescontic  or  trilobcd.  At  the  periphery  of  the  islet  a  few  louco- 
cytcs  Htill  in  an  active  sUU^  and  of  irivgiilar  form.  At  tlio  iimntli 
of  the  chamber  are  a  few  large  plasma  and  giiuit  ccUm.  Fig.  2, 
PL  XXXI. 

Lou)  pofver.  The  islets  of  cells  in  the  fibrin  film  ara  well  seen.  Indeed 
they  are  visible  to  the  naked  eye,  about  the  size  of  pins'  heada 

3.  72  Jumra.     Subcutaneous. 

Tslets  more  marked.  Fibrin  network  very  extcnsiva  NumorouH  largi^ 
plasma-cells  encircling  the  islets  of  leucocytes  at  the  nodal  points. 
In  the  neighl>ourhood  of  the  mouth  of  the  chaiiil»cr  the  plnsnm 
corpuscles  are  more  numerous,  and  Uie  islets  are  partly  made  up  of 
these  oella  Moreover,  numerous  red  and  white  blood  cells  are  visible 
in  the  vacuoles  of  giant  cells  and  in  those  of  soimnito  plasma- 
cells. 
72  liov/ra.     Peritoneal  cavity. 

The  chamber  was  quite ^ree.     No  trace  of  an  adhesion. 

The  chamber  seems  to  have  escaped  the  leucocytio  immigration.  The 
islets  .are  formed  almost  entirely  of  plasma-cella 

4.  8  days.     Peritoneal  cavity.     Fixed  by  an  adhesion ;  how  long  fixed  % 
The  islets  are  formed  of  plasma-cells  alone.     The  leucocytes  have  all 

disappcarc<l,  a  few  only  aiH3  visible  in  the  vacuoles  of  the  hu*gia' 
cella  The  cells  at  the  cii*cumfercnce  of  the  islets  are  lengthened 
out  along  the  lines  of  fibrin,  and  joined  with  othera  free  of  the  islets 
to  form  a  giant  coll  field,  or  plasmodium.     Every  cell  is  connected 
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by  long  processes  with  otliors,  so  that  looked  at  in  one  way  the 
whole  field  is  one  giant  cell.  The  islets  consist  often  of  one  giant 
cell  together  with  numerous  plasma  corpuscles.  It  is  only  at  the 
periphery  of  the  islets  that  the  contour  of  the  individual  plasma- 
cells  can  bo  mode  out.  See  Fig.  8.  Foreign  bodies  such  as  blood- 
clot,  shellac,  etc.  are  surrounded  by  a  ca|)sule  of  sjuudlo  colls. 
Fig.  11. 

5.     SevercU  clianibers,     8  to  18  days  in  i)eritonoal  cavity.     Some  fixed, 
and  some  not  fixed  by  adhesions, 
fibrillation  advanced.     Every  stsige  can  be  obsorveil,  from  the  simple 
fusiform  elongation  of  the  plasma-cell  to  the  development  of  a 
perfect  fibnl.     Fig.  12. 

The  above  experiments  seemed  to  point  to  a  certain  definite  period 
at  which  the  migration  of  leucocytes  and  connective  tissue  corpuscles 
occurred. 

In  order  to  examine  somewhat  further  the  behaviour  of  the 
leucocytes  and  of  the  plasma-cells  respectively  toward  the  chamber, 
a  slight  modification  of  the  mode  of  experiment  was  used  on  two 
occiiflions.  Two  chambers  (or  four)  were  placed  side  by  side  in  the 
subcutaneous  tissue.  At  the  end  of  twenty-two  hours  they  wore  taken 
out,  one  was  dropped  into  osmic  acid,  and  the  other  was  sealed  with 
warm  parafTm.  The  .scaling  was  done  by  dip|)ing  the  mouth  of  the 
cliamber  inta  a  soft  paraUiu  melting  at  107^  Fahrcniicit.  Only  the 
part  of  the  chamber  immediately  next  the  opening  was  touched  by  the 
paraftiu,  which  was  just  above  the  temperature  of  solidification.  After 
being  sealed  the  chamber  was  placed  in  the  abdominal  cavity  of  a 
second  guinea-pig,  there  to  remain  for  incubation. 

In  this  way  it  was  possible  to  compare  the  contents  of  two  cham- 
bers which  h:ul  been  phiced  side  by  side  in  the  subcutaneous  tissue, 
and  whose  contents  were  presumably  the  same  at  the  time  of  with- 
drawal. One  was  then  fixed  for  histological  examination.  The  other 
incubated  for  a  longer  period,  no  new  cells  being  allowed  to  enter  during 
this  second  incubation. 

The  imperviousness  of  the  chambers  after  sealing  was  tested  in  the 
following  two  ways : 

(a)  A  little  I'/o  hydrochloric  acid  was  introduced  in  the  chamber, 
the  outer  edge  of  the  opening  carefully  dried,  and  then  the  paraffin 
applied  by  dipping  the  mouth  just  as  in  the  experiment  above.  The 
chamber  was  then  placed  in  blue  litmus.  No  change  took  place  in  the 
litmus,  although  the  chamber  remained  a  week  in  the  solution. 
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(13)  A  littlo  of  an  active  culture  of  Spirillum  Finkleri  was  intro- 
duced into  the  chamber,  tlie  edge  of  the  opening  cleaned,  and  then 
sealing  performed  as  before.  The  chamber  was  then  placed  in  nutrient 
broth  (in  another  case  in  nutrient  gelatine)  for  a  week,  at  a  temperature 
of  35®  C.  No  growth  appeared  in  the  broth  (or  gelatine).  In  a  control 
tube  the  broth  was  turbid  in  two  day& 

In  the  experiments  performed  in  this  way  the  appearances  observed 
in  the  chambers  were  alike.  The  chambers  were  withdrawn  at  the  end 
of  twenty-two  hours,  one  was  then  incubated  further  for  another  forty- 
four  hours. 

The  contents  at  end  of  twenty-two  hours  were  as  follows,  viz,: — 
a  largo  number  of  leucocytoa  and  severiil  patches  of  rod  corpuscles. 
Plasma-cells  are  also  present  but  very  sparsely;  they  are  most  numerous 
at  the  mouth  of  the  chamber.  They  are  scattered  at  long  intervals. 
In  one  place  a  few  plasma-cells  are  collected  around  some  red  cells,  and 
a  fibre  of  wool.  Fibrin  filaments  are  present  in  the  chambers  taken 
from  the  rabbit,  but  none  in  those  from  the  guinea-pig. 

Contents  of  sealed  chambers  after  forty-four  houra'  further  incuba- 
tion : 

Fibrin  network  extensive.  The  leucocytes  lie  around  the  red  cell 
masses.  The  leucocytes  possess  for  the  most  part  "  fi^agmented  "  nuclei. 
The  plasma-cells  are  far  more  numerous.  They  exist  in  patches  and 
groups  quite  apart  in  many  cases  from  the  clots  or  tlie  leucocytes. 
Many  plasma-cells  lie  mingled  with  the  leucocytes  around  the  little 
blood-clots. 

Jtenmrks. 

We  have  pointed  out  that  there  appears  to  be  a  definite  sequence  of 
events  in  the  processes  induced  within  the  tissue  by  implantation  there 
of  the  experimental  chamber — processes  which  must  according  to 
ordinary  terminology  be  designated  as  inflammatory  in  nature.  At  a 
definite  time  and  in  a  definite  order  occur  the  immigrations  resixjctively 
of  leucocytes  and  of  the  daughter  cells  of  the  tissue  corpuscles.  The 
former  had  commenced  at  the  end  of  four  hours.  In  our  experiments 
the  fibrin  within  the  chamber  was  crowded  with  leucocytes  within 
eighteen  hours  of  the  time  of  insertion  in  the  subcutaneous  tissue  of 
rabbit  or  guinea-pig.  But  in  those  eighteen  hours  scarcely  a  plsisnia- 
cell  could  be  found  to  have  penetrated  into  the  chamber.  On  the  other 
hand  after  the  lapse  of  seventy-two  hours  the  nodal  points,  which  had 
been  previously  the  centres  of  aggregation  of  leucocytes,  had  been 
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truiisforiucd  into  islets  consisting  chiefly  of  plasma-cells.  This  primary 
Icucocy tic  invasion  and  the  subscciuont  appearance  of  "  larger  cells  with 
clear  vesicular  nuclei"  has  also  been  noted  by  Ziegler  and  by  othens. 
W.  Hunter'  passed  by  transfusion  all  the  blood  of  one  rabbit  into  the 
peritoneal  cavity  of  a  second.  At  the  end  of  a  few  hours  he  was  able 
to  find  scarcely  a  white  corpuscle  in  the  circulating  blood ;  the  amoeboid 
cells  had  migrated  into  the  peritoneal  cavity  where  the  foreign  body — 
the  fluid  blood  or  the  coagulum — was  resting. 

This  ol)served  order  in  the  occurrence  of  events  serves  to  explain 
"the  periods  of  repose"  that  are  known  to  the  surgeon.  The  fluid 
which  oozes  from  the  surface  of  a  wound  is  at  first  blood  tinged,  but 
soon  becomes  pale,  until  at  the  end  of  a  few  hours  the  surface  is  covered 
with  a  whitish  film.  This  film  is  a  fibrinous  network,  containing  within 
its  meshes  leucocytes  in  enormous  numbers,  and  ever  increasing  as 
the  iirst  few  hours  pass  by  subse(|uent  to  the  development  of  the  film. 
"  Such  a  calm  continues  from  one  day  to  eight,  ten,  or  more,  according 
to  the  nature  and  extent  of  the  wounded  part,  and  the  general  condition 
of  the  body."  "  The  calm  may  be  the  brooding  time  for  either  good  or 
evil ;  whilst  it  lasts  the  mode  of  union  of  the  wound  will  in  many  cases 
be  determined."  "  Moreover  in  open  wounds  the  time  at  which  on  each 
tissue  granulations  are  produced  is  determined  by  this  calm ;  for  they 
begin  Uy  be  distinctly  formed  at  its  end*."  The  share  which  we  think 
the  white  corpuscles  have  in  the  constructive  process  of  repair  will  be 
evident  from  what  we  mention  elsewhere  in  the  paper.  "  Apparently 
they  do  not  hinder  it'."  And  previous  to  the  advent  of  aseptic  surgery 
it  was  believed  by  many  that  to  leave  the  cut-surfaces  of  a  wound 
exposed  until  they  bore  a  whitish,  glassy  film,  and  not  to  put  them 
into  contact  until  then,  was  to  give  a  condition  favorable  to  union  by 
primary  adhesion. 

Indeed,  whatever  view  be  adopted  regarding  the  fibroblastic  value  of 
the  leucocyte,  certain  other  purposes  which  it  may  subserve  in  the 
process  of  repair  were  in  our  experiments  extremely  obvious.  It  was 
the  pioneer  of  all  the  wandering  swarm  of  cells  that  visited  the  intruding 
occupant  of  the  tissue.  Whatever  causes,  intrinsic  or  extraneous, 
guided  its  early  voyaging,  the  route  it   travei*sed  and  the  position  it 

1  Journ,  Aiiat,  and  Phys.f  Vol.  xxi.,  1887.  "In  6  hours  scarcely  a  white  oorpusclo 
was  to  be  found  in  a  field  of  several  hundred  squares  (instead  of  4,  5,  or  6  in  every 
100  squares)  though  the  red  cells  were  much  increased  in  number.'' 

'  Paget,  Siinjical  Vaiholotjy^  Ed.  xv.  p.  151. 

>  Ibi(L  Paget. 
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assumed  seemed  to  determine  almost  absolutely  the  course  of  after- 
coming  plasma-cells  that  appeared  in  great  measure  to  be  simply 
followers  along  the  track  thus  broken  for  them.  Where  the  intruding 
body  was  of  penetrable  nature,  as  in  the  case  of  blocxl-coagulum,  these 
leucocytes  entered  it  in  the  van  of  a  destroying  army,  that  in  turn 
attacked  it  from  channels  that  leucocytes  had  prepared.  By  leucocytes 
the  mass  to  be  absorbed  was  in  part  previously  divided  up  and  made  to 
olfcr  a  greater  surface  for  absorption  by  plasma-cells.  Where  larger 
masses  of  clot  are  concerned  cracks  and  fissures  occur  from  chemical 
causes,  as  shown  by  one  of  us  elsewhere  (B.)\  which  in  the  same  way 
svllow  o{  the  entrance  of  the  phisma-ct'lls  unu>ng  whose  funetions  in  tiie 
clot  ni.'vsH  are  absorption  and  substitution.  The  lilainents  of  fibrin  when 
they  were  present  api)eared  to  direct  to  a  certain  extent  the  i^atli 
travelled  by  the  cella  Certainly  to  group  themselves  about  the 
granular  nodal  points  of  the  fibrinous  network  was  quite  characteristic 
of  the  distribution  of  the  leucocytic  swarm,  and  this  directly  influenced 
the  formation  of  islets  in  the  cellular  membrane,  the  islanding  being 
the  direct  outcome  of  the  original  grouping. 

And  leucocytes  served  also  as  a  pabulum  for  the  iictive  plasma-colls*. 
Just  as,  in  the  extremely  interesting  observations  given  by  M.  Green- 
wood', little  monads,  Euglenae  and  Algae  coexisting  in  the  same  water 
with  Amoeba  protons  were  by  it  ingested,  so  leucocytes  become  the 
prey  of  the  plasma-cell,  and  are  by  it  included  and  ingested  And  if 
the  growth  and  proliferation  of  the  plasma-cells  be  of  importance  in  the 

1  EraHinnfl  Wilson  Loctares  of  tho  prcsout  yoar. 

3  Tlio  plasma-colls  tire  oonsidcred  by  Mutsuhuikoff  to  bo  among  his  gi*uiip  of 
*'  phagocytes."  He  writes :  *'I)io  weissen  BlutkOrpcrchen  bildeu  einen  allerdings  anschnli- 
chcn  Theil  aus  der  Summo  der  Phagooytcn,  indessen  gehoreu  zu  dieeen,  wie  ich  in  meinen 
siiramtliohen  Arbeiton  ausdriioklich  erwiihnt  habe,  anoh  amdboido  Bindegewebs-zelleu  and 
inanche  andore  zolligo  Elcinontc."  VircJuno*$  Arehiv,  Vol.  cvii.  p.  239,  1887.  He  proixMcs 
to  call  **gro88o  in  dor  Rogel  mit  einem  oinfachen  (nicbt  gelappten)  Eeme  verseheno 
Phagooytcn,"  in  which  *'der  Kern  ist  rand  odor  liaafigcr  oval,'*  by  tho  name  Makrophagcn, 
no  mattor  what  their  origin  may  bu.  Tliis  in  contradistinction  to  tho  Mikrophagou,  '*  mit 
stark  tingirbaren,  zam  grossen  Theil  gelappten  oder  f ragmen turten  Kemen  und  sehr 
blassem  Frotoplasma,"  which  are  for  the  most  part,  ho  affirms,  leaoocytes.  The  plasma- 
cells  are  therefore  included  in  his  Makrophagen.  Of.  also  Wyssokowitsoh,  Koch*i 
Zeittelirift,  Bd.  i.  Lief.  1,  p.  89,  1886.  Metschnikoff  stadied  the  phagocytic  power  of 
plasma-celbi  in  subcatancous  tissno  in  coses  of  Erysipelas  in  the  haman  subject.  In  some 
preparations  we  have  obtained  lately  in  tho  Z  ieglor  chambers  from  an  cxporimcnt  in  whidi 
tho  wound  was  allowed  to  suppurate,  tlioro  are  abundant  instancus  of  bacteria  within  tho 
plasma-cells.  Of.  also  Hess,  Virch.  Arch.  Bd.  oxix.  lift.  3,  on  "Gland  oells  destroying 
baoiUi.*' 

>  This  Journal,  Vol.  vii.  p.  268.     Vol.  viii.  p.  263. 
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process  of  repair,  what  circumstance  more  propitious  thau  the  presence 
in  abundance  of  nutriment  so  delicately  adapted  and  so  highly  organized 
as  the  substance  of  the  leucocytic  cell?  Of  Amoeba  and  Actino- 
sphaerium  it  was  remarked  that  the  food  most  suitable  to  these  forms 
is  unshielded  non-coagulated  proteid  matter.  A  low  degree  of  vitality, 
a  diminished  activity  of  its  protoplasm,  renders  an  organism  easier  prey, 
more  readily  captured  and  more  readily  absorbed.  The  plasma-cell 
may  in  some  respects  be  taken  as  a  hothouse  variety  of  amoeba;  it 
finds  its  unshielded  non-coagulated  proteid  in  the  dead  or  dying 
leucocyte.  It  will  be  rcmenibored  that  within  the  chambers  the  leu- 
cocytes revealed  striking  signs  of  lowered  vitality. 

Not  that  the  number  of  instances  in  which  we  could  detect  an 
actually  included  or  a  partially  ingested  leucocyte  would,  we  think, 
account  for  the  large  disappearance  of  them  that  does  actually  occur. 
Is  it  not  probable  that  the  plasma-cell  can  exert  digestive  action  upon 
material  which  it  does  not  incept?  Suppose  a  proteolytic  ferment 
secreted  by  the  plasma-cell,  and  leucocytes  that  are  dead  or  dying  as 
in  the  above  experiments ;  a  gradual  solution  of  their  substance  in  the 
tissue  plasma  will  occur,  yielding  to  it  an  abundance  of  rich  food 
for  other  cells  that  are  in  a  thriving  condition. 

Passing  in  review  the  chief  points  observed  in  regard  to  plasma-cells, 
it  bcaune  clear  enough  to  us  that  in  the  study  of  their  origin  and 
development  lies  the  best  key  to  the  problems  of  the  formation  of 
tissue  of  repair.  We  found  them  traceable  up  from  forms  of  an 
amoeboid  kind,  different  in  many  ways  from  the  amoeboid  cell-forms  of 
blood  and  lymph,  through  individual  types  of  almost  endless  diversity 
of  figure  with  the  utmost  variety  of  combination  and  interdependence, 
onward  finally  to  the  fixed  corpuscle  of  fusiform  or  of  stellate  shape 
iniboddod  in  fibril lated  material. 

As  to  giant  cells,  ollen  it  was  obvious  that  the  large  cell  had  resulted 
from  a  fusion  more  or  less  complete  of  the  bodies  of  several  smaller 
cells,  the  nuclei  of  which  remained  distributed  regularly  through  the 
substance  of  the  aggregate.  In  other  instances  a  massing  of  the  nuclei 
of  the  giant  cell  about  one  point  appeared  to  denote  a  mode  of  origin 
from  a  single  cell  that  had  grown  and  undergone  nuclear  multiplication 
without  actual  separance  of  the  daughter  cells  from  the  parent  as  they 
had  been  produced. 

Again,  by  the  union  of  cell  with  cell,  by  means  of  long  pseudopodium- 
like  processes,  it  was  sometimes  found  that  a  whole  field  under  the  lens 
was  occupied  by  the  net-like  ramifications  of  one  huge  multi-nucleated 
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cell — ^better  described  perhaps  as  an  unbroken  sheet  of  anastoinoBing 
cclla  The  characters  of  the  giant  cells  in  the  implanted  Ziegler- 
chambers  resembled  in  this  particular  those  of  such  giant  cells  as  occur 
in  marrow,  growing  bone,  the  splenic  pulp,  myeloid  sarcoma,  and  in 
granulation  tissue.  In  no  cases  did  the  arrangement  of  tho  nuclei  in 
them  bear  resemblance  to  tho  ring-like  or  other  regular  disposition 
often  seen  in  tho  giant  cells  of  tubercle. 

Upon  the  position  of  the  giant  colls  depends  partially  the  arrange- 
ment of  the  fibrilluted  tissue  which  is  ultimately  produced.  The  run  of 
the  bundles  of  fibrillae  is  often  from  and  between  giant  cells.  The  cells 
range  themselves  previous  to  iibrillation  in  lines  spreading  for  some 
distance  from  the  gi«ant  cells;  in  fact  in  many  ways  tho  resemblance  of 
giant  cells  to  cell-islets  is  a  close  one.  Just  as  in  some  coses,  if  not 
in  all,  the  so-called  giant  cell  is  really  but  a  congeries  of  smaller 
coherent  cells,  attracted  to  one  and  the  same  spot  for  the  purpose  of 
participation  in  a  common  prey,  so  is  it  with  the  cell-islets  also.  The 
groups  of  leucocytes  from  which  tho  ccU-islcts  arise  api)ear  to  be  origin- 
ally formed  under  the  common  attraction  which  is  offered  to  these  cells 
by  tho  albuminous  ddbris  present  at  the  central  nodes  of  the  fibrinous 
network.  Later,  the  leucocytes  themselves  becoming  from  some  cause 
or  another  effete  and  of  low  vitality,  exert  a  similar  attraction  upon 
the  wandeiing  plasma-cells,  and  afford  to  them  a  rich  and  easy  quarry. 
By  tliis  arrival  of  fresh  cells  the  islet  is  increased  in  bulk.  The  more 
centrally  situated  individuals  feed  upon  the  leucocytes  they  have  sur- 
rounded, and  the  latter  rapidly  merge  to  an  amorphous  kernel  for  the 
entire  mass. 

Tho  outlying  cells  become  disposed  along  definite  linos,  and  as  it 
were  sketch  in  in  its  main  outlines  the  general  plan  which  the  adult 
arrangement  of  the  new  fibrous  tissue  will  display. 

The  cell-islets  are  the  centres  of  most  active  growth  and  proliferation 
in  the  young  cellular  tissue.  They  contain  the  stores  of  nutriment 
that  are  griulually  dissolved  and  digested.  They  may  contiiin  idso 
innutrient  matters,  and  matters  such  as  are  not  only  iunutricnt  but 
incapable  of  solution  by  the  cells  or  plasma.  At  first  the  shape  of  those 
cells  which  are  immediately  next  to  the  kernel  of  nutritious  matter  in 
the  islet  is  irregular,  and  suggests  amoeboid  properties  in  the  cell ;  later 
the  cell  becomes  almost  regularly  fusiform,  and  is  applied  by  its  side  to 
the  material  which  gradually  disappears.  The  material  comes  to  bo 
encircled  by  chains  of  fusiform  cells  set  concentrically  around  it  It 
becomes  encapsuled  in  the  same  way  as  is  the  ligature  placed  around  an 
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artery  by  the  surgouu,  or  as  is  any  foreign  body  placed  within  a  wound 
which  heals  around  it.  The  fusiform  fibroblasts  slowly  exert  the  same 
solvent  action  upon  the  imprisoned  material  as  did  their  amoeboid 
ancestors.  No  doubt  the  more  easily  adected  portions  of  the  material 
are  the  first  to  go  into  solution  and  disappear,  leaving  a  constantly 
less  amenable  residue  and  a  less  nutrient  one;  and  perhaps  it  is  in 
accordance  with  the  decreasing  supply  of  food  from  this  source  that  the 
cells  in  contact  with  it  undergo  gradual  change  and  lose  their  pristine 
elasticity  of  form.  They  assume  the  spindle-shape,  and  a  fibrillated 
intercellular  cement  substance  comes  into,  existence  between  them. 
We  have  already  seen  reason  to  think  that  this  *'  matrix  "  is  a  secretion 
from  the  cell.  Prominent  among  the  conditions  under  which  the  young 
fibroblasts  begin  to  form  it  is,  it  would  seem,  a  diminution  in  the 
amount  of  pabulum  at  hand  to  support  growth.  Much  as  amoeba  under 
advei*se  conditions  assumes  an  ejicysted  form,  so  where  food  is  scanty 
do  the  inherited  tendencies  of  the  fibroblast  lead  it  into  states  of 
quietude  and  encystment.  The  less  nutritious,  the  more  inert  the 
foreign  body  which  the  plasma-cells  surround,  the  sooner  do  they 
become  fixed  cells,  the  earlier  do  they  elongate,  and  make  around 
themselves  the  bed  of  fibrillated  matter,  which  commits  them  to  im- 
mutability of  form.  In  the  same  specimen  in  which  plasma-cells 
preying  upon  reninanLs  of  blood-clot  W(;re  still  iwitivoly  amoeboid,  it 
ollen  happened  that  around  innutritions  matter  ivs  hairs,  and  cotton 
fibres,  the  cells  were  already  perfectly  developed  into  young  fibrous 
tissue. 

When  embedded  in  the  fibrillated  secreted  substance  all  digestive 
and  absorptive  activities  within  the  cell  do  not  cease.  Encapsulation 
does  not  arrest  absorption.  This  has  been  shown  by  one  of  us  (B.)'. 
It  holds  even  in  those  instances  in  which  the  foreign  substance  is  of 
such  a  nature  as  to  resist  digestion  or  chemical  solution  for  a  lengthened 
jKjriod.  OarboHzed  cat-gut  Ls  (juickly  split  up  and  destroyed  by  an 
environment  of  living  tissue;  kangaroo  tendon,  which  is  denser  and 
more  resistent,  becomes  encapsuled  and  continues  to  be  gradually 
dissolved  and  absorbed  after  a  dense  fibrous  investment  has  been 
produced  around  it;  it  may  require  a  hundred  days  for  complete 
disappearance.  Prepared  silk  in  like  manner  becomes  encapsuled,  but 
is  finally  absorbed  in  a  period  which  sometimes  is  as  lengthy  as  three 
years.  Even  silver  is  slowly  destroyed.  Gold  and  platinum  appear  able 
to  resist  indefinitely  long. 

^  EroamaB  Wilson  Lootures  of  the  proseut  year. 


572         C.  S.  ISIIEIIRINGTON  AND  G.  A,  BALLANGE. 

Unfortunately  it  was  only  until  the  present  experiments  had  been 
concluded  and  the  present  paper  very  nearly  so  that  we  were  able  to 
obtain  copies  of  Professor  Ziegler's  monographs  from  the  Wurzburg 
Institute.  We  had  been  obliged  to  satisfy  ourselves  with  the  results  of 
his  work  in  abstracts  of  the  original  papers.  As  a  matter  of  fact  our 
work  has  not  been  a  repetition  of  his  quite  to  the  extent  we  hod 
imagined.  A  great  part  of  our  observations  deal  with  periods  which  his 
do  not  touch  or  only  slightly  so.  'His  first  communication  is  based 
upon  observations  on  chambers  implanted  in  sixteen  dogs  at  thirty-six 
different  intervals.  But  of  these  only  five,  upon  four  individual 
animals,  refer  to  the  first  two  weeks  after  implantation,  and  he  records 
no  observations  prior  to  the  seventh  day.  Of  our  ol)scrvatious  with 
rabbits  the  major  part  refer  to  the  first  two  weeks  after  implantation, 
and  our  earliest  observations  were  made  only  four  hours  after  implan- 
tation. We  imagine  too,  judging  from  the  beautiful  illustrations  to  the 
original  papere,  that  the  cell-masses  that  we  have  so  frequently  referred 
to  as  cell-islets  arc  included  by  him  among  the  giant  colls.  It  must 
bo  remembered  also,  that  his  experiments  date  prior  to  the  accoptsuice 
of  antiseptic  surgery,  and  eleven  times  he  records  pus,  cither  in  the 
implanted  chambei*s  or  in  the  wound.  In  no  case  did  we  ever  find  the 
slightest  trace  of  pus,  as  we  have  said  already. 

It  will  have  been  seen  that  in  most  points  our  observations  entirely 
confirm  the  original  observations  made  by  Ziegler.  One  particular 
there  is  however,  and  that  one  of  fundamental  importance,  in  which 
we  are  in  disaccord  with  the  descriptions  furnished  in  his  paper.  As 
far  as  we  observed,  there  are  in  the  tissue-plasma  of  a  part  subjected 
to  irritation  such  as  that  described  in  the  experiments  two  kinds  of  cell. 
On  the  one  hand  there  are  present  leucocytes  indistinguishable  from 
and  probably  identical  with  the  colorless  corpuscles  of  the  blood;  on 
the  other  hand  are  plasma  corpuscles,  cell-elements  proper  to  the 
connective  tissue  of  the  part  ofiended.  The  cell  that  plays  as  we 
incline  to  believe  the  only  actively  constructive  role  in  all  the  energetic 
upbuilding  of  new  tissue  that  goes  forward  in  the  part,  is  the  plasma- 
cell,  a  corpuscle  absolutely  distinct  from  the  colorless  corpuscle  of  the 
blood.  Our  cover-glass  preparations  lead  us  to  believe  that  these 
free  cells  in  small  number  exist  in  the  tissue  plasma  even  under 
normal  circumstances.  Where  the  connective  tissue  corpu.scles  are 
proliferating,  as  for  instance  within  an  inllamed  area,  there  these  free 

^  Ziegler*8  socond  oommunicatiou  deals  entirely  witli  *'die  Scbioksale  der  einge- 
wanderten,  zom  Theil  beroits  veranderten  Zellen  von  dem  25.  bis  70.  Tage." 
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tissue-cells  are  enormously  more  numerous.  In  our  experiments,  out  of 
them  arose  the  permanent  membranes,  to  be  designated  inflammatory 
if  the  ordinary  unsatisfactory  use  of  the  term  be  sufficient,  which  spread 
thoinsolvos  ovor  :uul  inside  Zieglcr's  chambers  when  lying  in  a  sub- 
cutaneous space  or  in  the  peritoneal  sac — membranes  composed  at  first 
of  cells  entirely  similar  to  the  corpuscles  of  the  normal  tissue-plasma. 
Colorless  blood-cells  doubtless  wandered  in  the  surrounding  of  the 
chamber,  and  doubtless  entered  in  plenty  the  space  within  it  But 
these  leucocytes  h.ad  no  permanence  of  possession.  The  fibroblast  of 
the  new  tissue  was  not  of  leucocytic  origin.  Our  observations  yield  no 
support  to  Cohnheim's  view  of  the  genesis  of  cicatricial  tissue  from 
leucocytes. 

When  pus  is  formed  in  an  inflamed  focus  many  of  the  migrated 
colorless  corpuscles  of  the  blood  become,  as  is  well  known,  pus-cor- 
])uscles.  It  does  not  appear  strange  that  where  pus  is  not  produced* 
those  of  the  swarm  of  leucocytes,  which  do  not  drain  off  by  lymphatic 
channels  from  the  tissue  they  have  temporarily  invaded  but  remain 
behind,  should  not  thrive  within  it.  Many  circumstances  might,  we 
conceive,  render  their  sojourn  perilous.  The  high  carbonic  acid  tension, 
the  comparatively  stagnant  character  of  the  fluid,  the  presence  of,  to 
them,  unwonted  chemical  bodies,  and  of  others  in  unwonted  percentages 
— those  \\n\  ins(4vn(H*s  of  condi lions  which  might,  we  conceive,  conAtitut.e 
an  enviroiimont  of  disadvanUige.  And  that  the  migrated  leucocytes 
should  rapidly  be  not  merely  acclimatized  in  the  new  locality,  but 
should  actually  become  fixed  elements  of  the  part,  and  generate  the  cells 
of  a  fibrous  tissue  is  to  our  minds  improbable.  The  cells  of  fibrous 
tissue  and  the  colorless  corpuscles  of  the  blood  are  both  of  mesoblastic 
origin,  but  we  have  no  evidence  that  they  are  more  nearly  related  one 
tio  another  than  arc  the  fibres  of  a  striated  muscle  to  the  endothelial 
colls  of  an  artery.  No  one  <advances  the  view  that  of  these  latter  one 
can  by  any  means  be  made  to  reproduce  the  other.  Even  in  tumours 
with  their  apparent  departure  from  the  normal  type  of  growth  the 
principle  of  heredity  is  in  reality  religiously  obeyed.  "The  secondary 
growths  in  carcinoma  are  identical  with  the  primary,  for  it  is  the 
epithelial  element  which  is  infected,  and  it  is  this  element  which 
determines  in  the  normal  process  of  development  the  general  anatomy 
of  the  parts  around,  be  they  glandular  or  otherwise.  So  a  columnar 
celled  carcinoma  of  the  rectum  produces  in  its  metastatic  growths 
intestinal  crypts  in  the  liver;  a  thyroid  cancer  produces  in  its  secondary 
tumours  thyroid  tissue  in  the  bones;  an  osteoid  sarcoma  shows  in  its 
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secondary  manifestations  osteoid  tissue;  and  it  might  even  be  con- 
jectured that  if  the  epithelium  over  the  papilla  of  a  hair  received  the 
carcinomatous  infection  hair-like  stnictures  would  be  found  in  the 
primary  and  secondary  tumours*."  In  the  production  of  scar- tissue  it 
seems  to  us  of  transcendent  significance  that  such  tissue  is  characterised 
by  the  possession  of  cells  of  which  each  tends  to  secrete  a  collaginous 
capsule  for  itself,  so  that  around  the  cells  a  more  or  less  solid  and 
fibrillated  intercellular  matrix  comes  to  be  characteristia  Cells  with 
a  similar  tendency  characterise  broadly  the  connective  tissues  wherever 
found.  It  is  in  accordance  to  laws  of  natural  descent  for  the  cells  of 
connective  tissue,  when  thrown  into  renewed  and  extraordinary  genetic 
ivctivity  in  what  is  termed  phiHtic  indainmation,  to  produce  a  progeny 
oF  cells  possessed  of  the  same  tendencies  as  themselves.  And  among 
all  these  tendencies  which  one  is  more  unfailingly  repeated  in  them 
than  to  mould  a  semi-solid  fibrillated  collaginous  capsule,  in  short,  to 
build  up  fibrous  tissue?  But  the  cells  of  the  blood  nowhere  show 
signs  of  any  such  propensity.  The  colorless  corpuscle  of  the  blood  is 
conspicuously  endowed  with  a  character  apparently  opposed  to,  even 
incompatible  with,  the  form.ation  of  a  Romi-solid  circum-cclhilar  tost — 
the  whole  story  of  its  normal  life  so  far  as  we  know  that,  is  associated 
to  one  continuous  flux  of  form. 

The  term  ''inflammation"  is  at  present  employed  to  signify  a 
number  of  phenomena  of  which  some  are  not  only  widely  dissimilar 
one  from  another,  but  are  even  not  necessarily  associated.  John 
Hunter  recognized  the  importance  of  distinguishing  two  chvssos  of 
injuries  to  tissue,  in  consequence  of  the  radical  diflbrences  l>etween  the 
resulting  processes  of  metabolism  set  up  by  them  in  the  tissue  and 
comprehended  within  the  one  term  inflammation.  He  says',  ''The 
injuries  done  to  sound  parts  I  shall  divide  into  two  sorts,  according 
to  the  effect  of  the  accident.  The  injuries  of  the  first  division  in 
which  the  parts  do  not  communicate  externally  seldom  inflame ;  while 
those  of  the  second  which  liavc  an  oxt.onial  communication  conunonly 
both  inflame  and  suppurate."  Modem  surgery'  has  shown  how  right 
Hunter  was.  Would  it  not  be  well  to  designate  by  separate  titles  the 
parts  of  the  inflammatory  process  due  to  the  plasma-cell  of  the  tissue, 
and  to  the  migrated  colorless  corpuscle  of  the  blood  respectively  ?    By 

^  See  a  disoussion  of  this  qucation,  Path,  Soe,  Trafu.  Vol.  xzxviii.  pp.  4'i3  and  424, 
1887.    B  a  1 1  a  n  0  0  aud  S  h  a  1 1  o  o  k,  '*  Cultivation  oxperimenta  with  Cancer." 
'  Quoted  from  Paget* 8  Surgical  Pathology,  Ed.  4,  p.  131. 
s  Ibid.  p.  180. 
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such  a  terminology  the  destructive  and  suppurative  processes  of  inflam- 
mation would  be  sundered  from  the  constructive  and  reproductive.  This 
would  obviously  bo  of  advantage,  if,  as  would  appear  likely,  pathology 
is  to  teach  that  pus  is  an  adjunct  of  the  inflammatory  process  only  when 
the  initation  produced  within  the  tissue  is  aggravated  by  the  associated 
presence  of  a  suflicient  dose  of  bacterial  virus. 
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Plate  XXXI. 

Fig.  1.  Contents  of  experimental  chamber  that  had  i*emained  72  hours 
in  the  peritoneal  cavity  of  the  rabbit.  Five  large  amoeboid  plasma-cells,  with 
alton^d  rc«l  corpnsclos  and  ap]>aro.ntly  dc^ad  leucocytes.  Outlined  with  caiucra 
lucida.  Apoclironmtic  oil  immcraion  and  ocular  No.  4.  Zcisa  Pix)pai*ed 
over  oHiuic  va|)onr. 

Fig.  2.  Contents  of  a  chamber  for  18  hours  in  the  peritoneal  cavity 
(rabbit) ;  near  the  centre  of  the  chamber.  Fibrin  filaments,  leucocytes,  red 
corpuscles,  and  an  ill-defined  granular  mass  forming  a  nodal  point  in  the 
fibiinous  network — the  beginning  of  a  *'  cell-islet."  Outlined  under  camera. 
Similar  method  of  preparation,  and  similar  magnification  to  preceding. 

Fig.  3.  Fragment  of  inflanunatory  membrane  formed  within  a  chamlwr 
placed  for  throe  days  in  the  subcutaneous  tissue  (guine:i-pig).  Islets  and 
groups  of  inhiH  Rcuttci*cd  through  the  membnine.  Zeiss,  Obj.  A,  Oc.  2. 
Osniic  acid  solution,  and  Ehrlioh's  logwood. 

Fig.  4.  Contents  of  same  chamber  as  in  Fig  1.  Close  to  the  opening  of 
the  chamber.  Five  plasma-cells,  one  of  them  continuing  a  leucocyte  within  a 
large  vacuole.     Magnification  and  method  of  preparation  as  in  Fig.  1. 

Fig.  5.  Contents  of  same  chamber.  Two  plasma-cells  and  two  red 
corpnKr.lej4 ;  Mio  |)ln.sn).vcc*1lH  arc  indistingui.shubly  uniUnl  with  fnio  rihnnents 
of  fibrin  in  thoir  surrounding,  some  of  which  arc  given  in  the  figure.  Osinic 
acid  vapour.     Zeiss,  apochr.  system,  oc.  No.  2. 

Plate  XXXII. 

Fig.  6.  Giant  colls  fmm  chand>er  72  hours  in  the  i)entonesd  cavity 
(nibbit).     Zeiss  apochr.  system,  ocul.  5,     Osinic  acid  va|K)ur. 

Fig.  7.     Plnsnia-cells  from  same  preparation  which  furnished  Fig.  6. 

Fig.  8.  ''  Coll  islet "  from  inflammatory  film  obtained  in  a  chamber  left 
eight  days  in  the  subcutaneous  tissue  of  the  guinea-pig,  At  the  margin  it 
is  united  to  outlying  plasma-cells.     Zeiss  oil,  oc.  4.     Osniic  acid  vapour. 
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Fig.  9.  Young  cicatricial  tissue  of  anastomosing  branched  cells,  some  of 
wlucli  are  roprcsonted  niidor  the  higher  magnification  in  Fig.  17.  Pi*om  a 
thrombosed  artery  (syphilis)  near  the  centre  of  the  thrombus.  Zeiss  A, 
oc.  3.     Logwood.     Preiiaration  kindly  shown  us  by  Dr  Seymour  Sharkey. 

Fig.  10.  ^'Ccll  islet''  from  inilammatoiy  moinbrano  obtaimxl  from  chaiid»or 
five  (lays  in  the  peritoneal  cavity  of  the  rabbit.  Osmic  acid  solution.  Zeiss 
oil  imm.  and  oa  2. 

Fig.  1 1.  Mass  of  blood-cells  (1  clot)  sunx>un(led  by  fibroblastic  cells,  and 
invaded  by  them  at  four  places.  Inflammatory  membrane  from  chamber 
eight  days  in  subcutaneous  tissue.  Magnification  as  in  preceding,  and  pre- 
pared in  similar  manner. 

Fig.  12.  Fusiform  plasma-cell  (fibroblast)  surrounded  by  a  fibrillatod 
matciriul  which  forms  a  tliroml-liko  biuid  of  connective  tlusuo.  ZeiuK  oil  and 
oc.  4.     Osmic  vapour.     From  cliamber  10  days  in  subcutaneous  Ussue. 

Fig.  13.  Similar  but  larger  and  thicker  fibrous  band  from  same  prepara- 
tion.    Similar  preparation  and  magnification. 

Platk  XXXTTf. 

Fig.  14.  Fnnn  cdiamlior  fivo  days  in  Nul>ciiUin(H>iiH  Li.sHuo.  PlaMUUM^dlR 
iidhering  to  a  cotton-fibre.  Osniio  va[Mmr  and  oarmiuo.  Zeiss  a|H)chr.  oil 
and  oa  4. 

Fig.  1 5.  From  chamber  eight  days  in  subcutaneous  tissue.  Plasma-ocllA 
adhering  to  a  hair,  which  had  accidentally  been  allowed  to  get  into  the  wound. 
Zeiss  obj.  D,  oo.  2.     Osmic  acid  solution  and  haematoxylin. 

Fig.  16.  Inflammatory  membrane  fmm  chamber  eight  days  in  the  ab- 
dominal cavity  ;  taken  from  a  UnuiouH  |>ortion  of  the  inombninc.  Four  libit>- 
blastA,  in  a  film  which  is  compoMnl  of  an  extremely  irregularly  nrningoil 
network  of  filaments  I'oscmbling  fine  fibrin  tlii-eads.  The  processes  from  the 
cell-body  are  continuous  ai)i)arently  witli  the  fibrils  of  the  matrix.  Osmic  acid 
vapour  and  haematoxylin.  Zeiss  apochr.  oil  imm.  and  oc.  4.  Outlined  with 
camera  lucida. 

Fig.  17.  Stellate  fibroblasts  and  two  leucocytes  from  same  preparation 
as  Fig.  9,  more  highly  magnified.  Zeiss  apochr.  oil  and  oc.  4.  Outlined 
with  camera  lucida. 

Fig.  18.  The  modified  Ziegler  chamber;  the  sketch  shows  the  actual 
size  employed. 

Fig.  19.  Portion  of  the  chamber  seen  edgewise,  sliowing  the  opening 
Ix^twocn  the  cover-glasses.     Enlargetl  1 2  times. 


CAMBRTIKIR:   PRTNTBP  BT  O.  J.  CT.AT,  M.A.  AND  SONB  AT  THK    DNIWIC8ITY  PRBBS. 


JOURN.  PHYSIOLOGY 


VOLX.PLATEXXX. 


'   '    '     >■  ■ 


-  '■     fto3. 


I'lO-  4 


K^. 


) 


I'isJ.s. 


,1 


>v--         i 


)         (-IW> 


fUlC 


l/'    \ 


■1  i,.i  I'M 


*Mi 


F,g,8 


L  >,*  iRj        ml-  "J      b*(  On 


JOURN  PHYSIOLOGY 


t 


1 


M 


VOL.XPUTEXXXI. 


litvlBii,  c.iniKIliii  hiiii.Co. 


JOURN  PHTSIOLOGY 

VOLXPLATEXXXIl 


JOURN.  PHYSIOLOGY. 


VOLX  PLATEXXXIII. 


14. 


IS)  "**^^ 


»•• 


I 


\" 


X 


/^ 


1 1,  ■ 


/ 
t 


N 


f   .*>• 


IV 


"     I 


■■  'I 

V 


15. 


io  ^«»"!*  *^ 


18 


19 


IB. 


-5^^ 


*% 


s^J 


9\   ■■  -T- 


ft 


■•»v 


^v^ 


/ 


/ 


/ 


\ 


X 


>r— r-. 


f  :;. ;;.  .i.  l..«'i.ir'h. 


17. 


l.iihJ-  lui|).CanA>.3c!i.lnsl.l> 


PROCEEDINGS 

OF  THE 

PHYSIOLOGICAL    SOCIETY, 

1889.     No.  I. 

Univeiisity  College.    Feb.  9. 

1.  "On  the  Innervation  of  the  Pulmonary  Vessels/'  by  Drs  J.  llosE 
Bradford  and.  H.  Percy  Dean. 

Hitherto,  although  most  physiologists  have  considered  that  the 
jnilniouary  vessels  probably  possessed  a  system  of  vaso-motor  nerves,  yet 
no  direct  experimental  proof  of  the  existence  of  such  a  system  has  been 
obtained.  Still  less  has  any  evidence  been  adduced  to  demonstrate  the 
actual  paths  by  which  such  nerves,  if  they  exist,  reach  the  lungs. 
Hence  it  seemed  that  the  whole  question  was  one  deserving  a  further 
attempt  for  its  solution. 

It  was  felt  by  us  that  the  only  really  reliable  method  would  be  to 
excite  one  by  one  the  roots  of  the  spinal  nerves  aiul  to  observe  the 
effects  of  sucli  stimulation  on  the  aortic  and  pulmonaiy  blood-pressures 
simultaneously. 

The  method  of  the  research  was  demonstrated  to  the  meeting,  and  is 
shortly  as  follows.  A  cannula  placed  in  the  carotid  artery  in  the  usual 
manner  was  connected  with  a  mercurial  manometer.  In  a  similar 
manner  a  second  mercurial  manometer  was  then  connected  with  the 
branch  of  the  left  division  of  the  pulmonary  artery  distributed  to  the 
lower  lobe  of  the  left  lung.  This  vessel  was  reached  from  the  back  by 
resecting  portions  of  two  or  sometimes  three  ribs.  In  this  way  a  record 
of  the  pressure  in  the  left  division  of  the  main  artery  was  obtained  and 
also  a  means  of  detecting  changes  of  pressure  in  the  main  artery.  At  the 
same  time  a  minimum  amount  of  lung  tissue  was  thrown  out  of  gear. 
The  upper  doi'Sivl  nerves  were  then  exposed  inside  the  spinal  canal  and 
were  ligatured  outside  the  dura  mater.  By  cutting  through  the  nerves 
between  the  spinal  cord  and  the  ligature  the  peripheral  ends  could  be 
easily  arranged  for  excitation.  The  nerves  were  excited  on  the  right 
side,  the  same  side  as  the  uninjured  lung. 

The  two  blood-pressure  curves  were  recorded  simultaneously  on  the 
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same  blackened  surface  together  with  a  time-tracing  and  a  lever  marking 
the  duration  of  the  excitation. 

The  animals,  in  all  our  experiments  being  dogs,  were  anaesthetised 
with  chloroform  and  morphia,  and  after  the  nerves  had  been  prepared  a 
small  dose  of  curare  was  injected  and  artificial  respiration  maintained 
before  opening  the  chest  to  insert  the  pulmonary  cannula. 

The  pressure  in  the  branch  of  the  pulmonary  artery  is  found  to 
vary  between  16  and  20  mm.  Hg.  in  different  animals.  In  the  main 
artery  it  is  a  few  millimetres  higher  than  this. 

The  pulmonary  pressure  is  very  constant  in  its  height,  not  only  in 
the  same  animal  during  the  course  of  an  experiment  but  also  in 
different  animals.  In  this  point  it  contrasts  strongly  with  the  aortic 
pressure,  since  the  latter  is  very  variable  in  amount  after  the  necessary 
operative  procedure  described  above.  The  aortic  pressure  must  fall 
very  low  indeed  for  the  pulmonary  pressure  to  be  appreciably  diminished 
in  amount. 

It  is  evident  that  our  attention  must  first  be  directed  to  the  eifect 
produced  in  the  pulmonary  blood-pressuro  by  a  sudden  increase  in  the 
aortic  pressure.  In  fact  wc  must  see  what  is  the  i>assivo  oiroct  of  an 
iu)rtic  riso  of  prossnro  on  that  of  the  pnhnonary  artery.  Wo  shall  then 
proceed  to  consider  the  effect  of  reflex  stimulation  on  the  pulmonary 
blood-pressure,  and  after  that  to  see  if  there  is  any  mechanism  in  the 
central  nervous  system  influenciug  the  pulmonary  circulation,  and  lastly 
to  find  out  the  paths  by  which  the  influences  emanating  from  the 
central  mechanism  leave  the  spinal  cord.  We  will  therefore  consider 
our  subject  under  the  following  headings. 

A.    Passive  Effects  (purely  mechanical). 

(1)  Tlie  excitaticm  of  live  peripheral  end  of  a  divided  splandinic 
The  rise  of  systemic  blood-pressure  is  of  course  considerable,  in 

many  cases  it  is  doubled.  The  rise  of  pressure  in  pulmonary  artery  is 
not  however  very  marked. 

In  one  experiment  the  aortic  pressure  rose  from  50  mm. — 104  mm. 
Hg.  and  the  pulmonary  rose  from  13  mm. — 1 5*5  mm.  Hg. 

Thus  the  ratio  of  aortic  to  pulmonary  rise  was  about  20 : 1. 

(2)  Excitation  of  peripheral  end  of  the  spinal  cord  divided  at  level 
of  1th  dorsal  nerve. 

In  this  case  the  pulmonary  rise  was  always  very  small  compared 
with  the  aortic,  average  ratio  1 :  20. 
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(3)     Compression  of  tlioracic  aortcu 

If  compression  is  only  for  a  short  time,  10'',  then,  although  the 
aortic  pressure  is  more  timn  doubled,  yet  the  pulmonary  pressure  is 
not  affected  at  all. 

If  the  compression  is  longer,  30",  then  the  pulmonary  pressure  does 
rise  slightly.  As  in  previous  two  cases  ratio  of  aortic  to  pulmonary  rise 
is  20 : 1. 

B.  Reflex  Effects. 

(1)  Excitation  of  cetitraL  end  of  a  divided  sciatic  nerve. 

In  this  case  the  pulmonary  rise  varied  from  -j^jth — j^gth  of  tho  aortic 
rise. 

(2)  Excitation  of  central  end  of  a  divided  vagus. 

Here  the  ratio  of  aortic  rise  to  pulmonary  rise  was  8 : 1.  Thus  the 
pulmonary  rise  was  more  than  double  the  rise  obtained  in  the  preceding 
scries  of  passive  eirocts. 

(3)  Kxcidation  of  ])ostorior  Rnrfiu!0  of  K[)inal  cord  and  of  posterior 
nerve  rests  gave  a  similar  ratio  of  8  or  10  to  1. 

C.  Central  Effects. 

If  tho  upper  part  of  the  medulla  be  excited  there  is  a  very  consider- 
able rise  in  both  the  aortic  and  pulmonary  blood-pressures. 

If  now  the  spinal  cord  bo  divided  about  level  of  7th  dorsal  nerve 
and  the  peripheral  end  be  stimulated  we  get  an  enormous  rise  in  the 
aortic  pressure  iva  great  or  greater  th.in  by  stimulating  tho  medulla, 
and  yet  the  rise  in  pulmonary  pressure  is  cither  absent  or  very  slight. 

Again,  if  the  upper  part  of  medulla  be  now  stimulated  the  aortic 
rise,  as  we  should  expect,  is  much  less  than  before,  about  ^,  but  the 
pulmonary  rise  is  just  as  great. 

These  experiments  evidently  point  to  some  mechanism  in  the  upper 
|>art  of  medulla  oblongata  stimulation  of  which  causes  a  contraction 
of  the  pulmonary  vessels. 

D.    PEiiiPUEiiAL  Effects. 

By  stimulating  the  roots  of  the  dorsal  nerves  from  the  2nd  to  the 
7th  we  get  a  greater  proportionate  rise  of  pulmonary  pressure  than  in 
any  of  the  preceding  experiments.  This  rise  increases  as  we  pass 
upwards  from  the  7th  to  the  2nd  nerve  root. 

Thus  the  5th  nerve  gave  an  aortic  rise  of  20  mm.  Hg.  and  a  pulmo- 
nary rise  of  5  mm.  Hg. 

And  the  4th  nerve  gave  an  aortic  rise  of  10  mm.  Hg.  and  a  pulmonary 
rise  of  4  mm.  Hg. 
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With  the  2nd  and  Srd  dorsal  nerves  we  often  get  an  actual  fall  in 
the  aortic  pressure  with  a  marked  rise  in  the  pulmonary  pressure. 

E.    Effects  of  Asphyxia. 

The  aortic  and  pulmonary  blood-pressures  begin  to  rise  at  the  same 
time,  but  the  latter  rises  much  more  gradually  than  the  fonner.  Tlie 
pulmonary  pressure  continues  to  rise  for  some  time  after  tlie  aortic 
pressure  has  begun  to  fall,  and  may  attain  twice  its  former  height 

In  conclusion  these  experiments  seem  to  show  that  there  is  a 
mechanism  in  the  medulla  oblongata,  stimulation  of  which  aiusos  a 
contraction  of  the  pulmonary  vessels,  and  that  in  the  dorsal  nerves  from 
the  2n(l  to  tlio  7th  there  arc  vn»o-constrictor  fibixis  p:issing  to  the 
pulmonary  vessels. 

We  hope  that,  shortly,  we  shall  be  able  to  demonstrate  the  existence 
or  non-existence  of  vaso-dilator  nerves  in  relation  with  the  pulmonary 
vessels. 

2.  *•  On  Transverse  Contraction  in  Muscle."  Dr  Laudkh  BttUNTON 
observed  that  there  were  several  phenomena  connected  with  muscular 
contraction  which  were  not  easily  expluineil  on  the  ordinary  supposition 
that  muscular  fibre,  voluntary  and  involuntary,  contracted  only  in  a 
longitudinal  direction,  but  might  be  explained  on  the  hypothesis  that 
relaxation  was  not  a  mere  passive  action  but  was  due  to  contraction  in 
the  transverse  direction.  These  phenomena  are  (a)  the  local  dilation 
which  occurs  in  veins  on  electrical  stimulation.  (6)  Weber's  observa- 
tion of  the  elongation  of  a  loaded  nnisole  on  stiintilation.  (c)  The 
active  dilat^ition  of  the  iris  on  the  application  of  atropine  in  animals 
where  no  dilator  muscle  has  been  satisfactorily  shewn  to  exist  (d)  The 
fact  observed  by  Dr  Cash  and  himself  that  theine  may  cause  in  muscles 
either  enormous  contraction,  no  contraction  at  all,  or  actual  relaxation, 
a  phenomenon  which  seemed  to  indicate  the  presence  in  muscle  of  two 
opposing  forces  which  may  cither  counterlxalance  one  another  or  cause 
positive  elongation  or  contraction,  (c)  The  observation  of  von  Kries^ 
that  when  a  muscle  has  been  made  to  contract  by  stimulation,  a  second 
stimulus  affecting  the  muscle  during  its  relaxation  does  not  at  once 
arrest  the  descent  of  the  curve,  but  only  does  so  when  the  second 
stimulus  by  itself  would  cause  a  marked  action. 

3.  Prof.  y.  HoRSLEY  and  Dr  Beevor  made  a  communication  on 
the  Localisation  of  Areas  in  the  Cerebral  Convolutions  of  the  Orang. 

^  Archivfihr  Anatomie  und  Vhytioloijie.    Parts  V.  and  YI.  p*.  547,  1888. 
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J.  N.  Lanqley,  F.RS.,  "  On  the  Preservation  of  Mucous  Granules 
in  Secretory  Celis."  On  irrigating  fragments  of  fresh  mucous  gland 
with  osmic  acid  I  was  struck  with  the  fact  that  most  of  the  granules 
preserved  their  form — although  swelling  up — when  only  a  small  amount 
of  osmic  acid  sohiliou  was  added,  but  that  tlie  gninulcs  dis«ippcared  on 
{uldiug  a  large  amount  of  osmic  acid.  This  led  me  to  try  the  effect  of 
placing  over  an  osmic  acid  solution  a  freshly  teased  out  specimen  of  a 
mucous  gland,  the  gland  being  teased  in  a  2  to  5  p.c.  sodium  chloride 
solution,  in  which  the  granules  remain  for  some  time  unaltered.  In 
this  way  I  obtained  permanent  preparations  showing  a  certain  number 
of  mucous  spheres  (the  gr.anules)  both  isolated  and  in  the  cells.  This 
induced  mo  to  try  whether  the  mucous  gland  could  be  preserved  for  the 
purpose  of  preparing  microscopic  sections,  by  hardening  it  in  osmic  acid 
vapour.  The  use  of  osmic  ficid  vapour  to  fix  and  liarden  tissues  is  not  new, 
Kanvier  in  especial  has  recommended  it  in  particular  cases.  But  its  use 
in  the  case  of  certain  mucous  glands  gives  very  striking  results.  In  the 
first  place  the  mucous  granules  can  be  preserved  in  a  more  or  less 
spherical  form,  and  in  the  second  the  mucous  granules  are  then  stained 
with  most  reagents  far  more  deeply  than  any  other  part  of  the  tissue. 
The  success  of  the  preparation  depends  a  good  deal  upon  the  details  of 
the  method ;  it  depends  also,  apparently,  in  part  upon  the  gland,  for  I 
have  obtained  more  constant  results  with  the  orbital  gland  of  the  dog, 
than  with  other  mucous  glands.    The  method  which  has  so  far  given  me 
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the  most  satisfactory  results  is  as  follows: — ^A  fine  needle  with  a  silk 
thread  is  passed  through  a  small  lobule  of  the  fresh  gland  of  an  animal 
which  has  been  killed  by  bleeding  whilst  under  the  influence  of  an 
ansesthetic,  or  which  has  been  killed  by  decapitation ;  the  lobule  is  cut 
out,  lowered  by  the  silk  thread  passing  through  it  into  a  bottle  half  full 
of  2  p.c.  osmic  acid.  When  the  lobule  is  a  short  distance  from  the  surface 
of  the  fluid,  the  stopper  is  inserted,  which,  as  it  clamps  the  thread,  keeps 
the  piece  of  gland  from  touching  the  fluid.  In  a  day,  the  tissue,  now 
hardened  throughout  is  washed  for  a  few  minutes  with  water,  placed  in 
30  p.c.  alcohol  and  in  50  p.c.  alcohol  for  about  a  quarter  of  an  hour,  in 
75  p.c.  alcohol  and  in  95  p.c.  alcohol  for  about  half  an  hour;  in  absolute 
alcohol  for  one  to  two  hours,  in  benzol  for  half  an  hour  to  an  hour,  antl 
then  imbedded  in  hard  paraffin.  Serial  sections  are  cut,  and  then  either 
(a)  fixed  on  a  glass  slide  with  egg  albumin,  stained  with  methylene-blue 
and  mounted  in  Canada  balsam,  or  (&)  treated  with  benzol  or  turpentine 
to  dissolve  the  paraffin,  passed  through  alcohols  of  various  strengths  to 
water  and  stained  with  a  strong  aqueous  solution  of  mcthylenc-blue, 
and  finally — after  the  usual  treatment — mounted  in  Canada  balsam. 

In  all  other  methods  of  hardening  m\icouK  glands  which  I  have 
tried,  the  mucous  granules  are  more  or  less  altered,  being  either  swollen 
up  to  form  a  clear  mass,  or  being  shrunken  to  irregular  small  clumps. 
By  the  method  given  above  the  mucous  granules  in  the  stained 
specimen  are  very  obvious,  and  further  in  a  stimulated  gland  many  of 
the  alveoli  show  an  inner  zone  of  granules  stained  deep  blue  and  an 
outer  zone  stained  of  a  browniHh  tint.  Even  in  the  unsuccessful 
preparations,  in  which  the  granules  are  not  separately  distinguishable,  the 
mucous  portion  of  the  coll  is  unusually  well  marked  in  stained  specimens. 

In  the  mucous  cells  of  the  mucous  membrane  of  various  lower 
vertebrates  in  which  granules  can  be  made  out  in  the  fresh  state, 
the  granules  can  often  be  preserved  by  the  vapour  of  osmic  acid.  For 
certain  special  points  in  other  glands,  particularly  in  the  parotid, 
the  method  is  useful,  but  this  together  with  further  deUiilH  with 
regard  to  its  employment  on  mucous  cells  I  propose  to  deal  with  after 
making  further  observations. 

Communications  were  also  made  by  Dr  Sherrington,  Prof.  Roy 
and  Mr  Adami,  and  Dr  Hunter. 
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King's  College.    May  11. 

1.  M.  Anatole  Piltan  demoDstrated  his  method  of  recording  the 
inoveincntj)  of  vocalisation.  He  had  made  experiments  on  various 
HiiigorH  by  niouns  of  uu  elliptic  bag  or  Hpocial  t^uubour  held  iu  contact  with 
tho  walla  of  tlic  chest  and  of  the  abdomen  and  with  the  front  of  the  larynx 
by  means  of  a  bolt,  or  by  a  b.'ig  adapted  to  the  coraet.  Tlie  biigs  conmiuni- 
cated  the  slightest  movement  of  the  chest  or  abdomen  to  a  tambour 
writing  on  the  blackened  surface  of  a  revolving  cylinder,  where  they 
were  recorded  in  the  form  of  curves. 

It  was  observed  that  voice  depends  on  effort,  and  that  the  effort  of  a 
good  singer  consists  in  upheaving  the  chest  and  avoiding  contraction 
of  the  muscles  of  the  abdominal  walls,  and  that  the  diaphragm  (being 
lowered  according  to  the  pitch  or  the  intensity  of  the  sound)  thus 
becomes  the  regulator  of  the  expiratory  movement. 

The  longest  duration  in  this  produced  effort  insures  the  best  voice. 

The  degree  of  regularity  with  which  these  movements  are  performed 
determines  the  evenness  of  the  voice ;  and  the  effort  of  good  singers 
consists  less  in  uttering  sounds  more  or  less  intense,  as  in  crying,  for 
insUiuce,  than  in  holding  them  steadily  for  the  longest  possible  duration. 
On  the  contrary,  most  of  the  singers  having  a  bad  voice  called  into 
action  the  muscles  of  their  abdominal  walls. 
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Efforts  are  of  three  kinds : 

(1)  The  general  or  thoraco-abdominal  effort.  This  first  variety 
includes  those  movements  in  which  muscles  have  to  interfere  for 
pushing,  lifting,  pulling,  carrying,  &c.  or  again  those  producing  a 
series  of  bad  tones. 

(2)  The  abdominal  or  expulsive  effort 

(3)  The  thoracic  effort  or  singer's  effort 

The  curves  registered  in  simple  breathing,  speaking  low  and  high, 
in  coughing,  groaning,  crying,  in  a  violent  effort,  in  blowing  in  musical 
instruments,  in  singing  with  a  bad  voice,  were  demonstrated ;  and  the 
latter  when  compared  with  those  of  singers  having  a  really  good  voice 
showed  marked  differences. 

Besides,  the  author  has  observed  with  the  aid  of  a  spirometer  and 
a  chronograph  that  a  bad  voice  could  not  sustain  a  sound  loudly  more 
than  5  or  6  seconds,  whilst  a  very  good  voice  could  sustain  it  for  30  or 
35  seconds. 

2.  C.  J.  Martik  demonstrated  the  method  of  recording,  and  exhi- 
bited graphic  tnicings  of,  the  mU)  of  HO<*,rotiou  of  i]u\  bile  in  the  c2iso 
published  in  Kir  Copeman's  paper  on  Bile  in  the  Journal  of  Physiology . 
The  tracings  were  confirmatory  of  Mr  Copeman's  results. 

3.  Communications  were  also  made  by  Mr  Shobk  on  Taste  and 
Mr  France  on  brain  and  cord  degenerations  after  lesion  of  cortical 
motor  areas. 
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Dr  Waller  (for  Miss  Brinck)  communicated  the  results  of  experi- 
ments made  by  her  on  the  nutrition  of  excised  skeletal  muscle  of 
the  frog.  The  object  of  these  experiments  was  to  test  on  skeletal  muscle 
the  nutritive  action  of  various  proteid  fluids,  in  continuation  of  the 
results  which  Kronecker  and  his  pupils  (Martins,  v.  Ott,  N.  Popoff, 
J.  Brinck)  have  obtained  on  cardiac  muscle.  The  main  result  of  Miss 
Brinck's  experiments  is  to  extend  to  skeletal  muscle  the  conclusion 
which  Kronecker  has  established  on  cardiac  muscle,  to  the  effect  that 
serum-albumin  is  the  nutritive  proteid  par  excellence. 

Egg-albumin  and  peptone  solutions  have  no  restorative  action  on 
muscle,  contrasting  with  serum-albumin  or  blood  solutions  which  are 
capable  of  restoring  muscular  contractility  from  zero  to  its  normal 
amount;  the  restoration  may" be  effected  more  than  once,  as  is  shewn  by 
the  following  exj)eriment : 

Exr.  March  15, 1889.  Frog.  Sartorii  suspended  in  two  vessels  contaiji- 
iug  i-es^Msctively  50  c.c.  egg-albumin  solution  about  1  7of  ^^  c-^-  serum-albumin 
Bolution  al)0ut  1  "/o* 
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Time. 


Height  of  oontraotion  of 
muaole  A. 
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Thus  in  the  course  of  68  hours  the  solutions  were  changed  8  timesi  in 
eocli  case  with  the  results-decline  of  contractility  in  the  egg-albumin  solu- 
tioui  recovery  of  contractility  in  the  serum-ialbumin  solution. 

Other  communications  were  also  made. 
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